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ABSTRACT 
 
Farming Systems Trial: Nutrient Analysis of Organic Versus Conventional Oats 
Marisa Wagner 
Brandy-Joe Milliron, Ph.D. 
Juan Muniz, Ph. D. 
Stella L. Volpe RD, Ph.D. 
Kristine Nichols, Ph.D. 
 
 
 
 
  Nutrient density of food is thought to be decreasing due to a decrease in 
bioavailability of nutrients in the soil. Literature suggests that the better the soil quality in 
which food is grown in, the higher the nutrient density of the plants grown in that soil 
will be. Organic soil typically has a higher soil quality.  Since the 1990’s, consumer 
demand for organic products has been expanding by double digits almost every year. 
With such an increase in consumer demand, the objective of this study was to identify if 
organic agricultural practices produce a more nutrient dense food product. For the last 35 
years, Rodale Institute has been conducting a side-by-side analysis of organically versus 
conventionally grown grains in their Farming Systems Trial (FST). A tremendous amount 
of data on yields, profit, energy input, and greenhouse gases has been collected over time, 
but little has been done to determine the nutritive quality of grains from this trial. The 
nutrient research examined the nutrient density, measured as protein, mineral, vitamin 
and polyphenolic content, in oats grown organically or conventionally in FST and 
correlate them to soil health factors such as soil minerals, total C, N, H, and S ratios, 
biological activity, organic matter and soil aggregation. Key findings of this nutrient 
research have assessed that the nitrogen content of legume organic till and no-till, and 
conventional till oats contain the greatest concentration of nitrogen  (P < 0.0001). It was 
xi 
 
also found that legume organic till and no-till oats contained the greatest concentration of 
total and crude protein (Legume till = Crude Protein 11.12 g / 100 g, Total 10.07 g/100 g; 
Legume no-till = Crude Protein 11.10g / 100 g, Total 9.97 g/100 g) (P < 0.05). 
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Chapter 1: INTRODUCTION AND SPECIFIC AIMS 
1.1 Introduction 
 In recent farming history since the Green Revolution began between the 1930’s 
through the 1960’s, conventional, chemically-intensive farming practices have been 
responsible for feeding the United States population. However, since the 1990’s, 
consumer demand for organic products has been expanding by double digits almost 
every year (USDA, Economic Research Service). This increasing demand stems from 
indications that organic agriculture is not only good for the environment, but good for 
human health (Lotter, 2003; Rodale Institute, 2011; Baranski et al., 2014). For the last 
35 years, Rodale Institute has been conducting a side-by-side analysis of organically 
versus conventionally grown grains in their Farming Systems Trial (FST). A 
tremendous amount of data on yields, profit, energy input, and greenhouse gases has 
been collected over time, but little has been done to determine the nutritive quality of 
grains from this trial. The FST data have revealed organic agriculture to have a higher 
profit, lower energy input, better soil health, and less greenhouse gas emissions 
overall when compared to conventional farming methods (Rodale Institute, 2011). 
This project examines the nutrient density, measured as protein, mineral, vitamin and 
polyphenolic content, in oats grown organically and conventionally in the Farming 
Systems Trial (FST). The determination of any nutrient differences between organic 
and conventional oats will determine if soil quality affects the nutrient density of the 
plants grown within the soil. This research will hopefully show how farming methods 
can change plant nutrition and how it affects the nutritional health of the consumers 
who buy these products. 
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1.2 Specific Aims 
The overall goal of this study was to determine if organic or conventional soil 
management practices affect nutrient density of food crops. This manuscript describes the 
research methods used to gain a better understanding of the relationship between soil 
nutrition and how it relates to nutrient density of oats.   
 
The following research questions have guided the development of this research:  
1) Can oats produced using organic agricultural practices have a higher nutrient density? 
 
2) Can organic agricultural practices result in better soil quality? 
 
 
 
1) To compare the effect of two different agricultural practices (organic and 
conventional) on oat nutrient profiles, including minerals, crude protein, beta-glucans, 
lipid-soluble (vitamin E and tocopherols) and water-soluble vitamins (thiamin, 
riboflavin, B6, and folic acid).2) To compare the effect of two different agricultural 
practices (organic and conventional) on soil fertility. 
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CHAPTER 2: LITERATURE REVIEW 
2.1 Agriculture 
 Over the last 50 years, conventional farming methods have been primarily 
responsible for feeding the United States population. Consumer demand for organic 
products has been expanding by double digits almost every year, since the 1990’s 
(USDA, 2014). With a 40- fold increase from 1986 to 1996, the organic food industry 
was estimated to be a $4.2 billion industry annually in 1999, with additional predicted 
growth of 24% per year (Prescott, 2002). Although growth in the organic food industry 
continues, it has been debated whether organic or conventional farming methods are 
better for both the environment and human health. Organic farming follows the standards 
set by the USDA on growing and processing food while conventional farming relies 
heavily on synthetic inputs. Conventional farming methods are known to deplete the soil 
of nutrients, decrease soil biota, and contribute to non-point source pollution through 
runoff (Tweeten, 2002). Agrochemicals used in conventional agriculture have been 
linked to a number of human health issues such as cancer due to pesticides’ carcinogenic 
effects (Nichols, in press). Jerome I. Rodale, the founder of Rodale Institute, described 
this relationship between the environment and health best when he said, “Healthy Soil = 
Healthy Plants = Healthy People.” 
 
2.2 Organic Agriculture 
  “Organic agriculture produces products using methods that preserve the 
environment and avoid most synthetic materials, such as pesticides and antibiotics,” 
(USDA Organic Agriculture, 2015). The United States Department of Agriculture 
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Organic Standards (USDA, 2015) dictates what materials and methods can be used in 
organic food production. Synthetic pesticides, herbicides and fertilizers cannot be used in 
organic agriculture, which differs from its conventional counterpart. Instead organic 
agriculture utilizes cover crops, crop rotation, and manure as methods to fertilize the soil 
and minimize pests.  
Certifying agents from the USDA’s National Organic Program (NOP) ensure that 
these standards are not only being practiced but also met through documentation of field 
operations. According to the National Organic Program Handbook, certifying agents and 
growers must (USDA, 2015):  
1. Relate to the production, handling, processing, labeling and marketing of 
organic food products; 
2. Relate to the accreditation of certifying agents and the certification of organic 
producers and handlers; 
3. Relate to the National List of Allowed and Prohibited Substances, State 
Organic Programs, fees, compliance, inspection and testing, reporting and 
exclusion from sale, adverse action appeals process and enforcement policies 
regarding agricultural products regulated under 7 CFR Part 205; 
4. Establish policies and procedures or describe the program's policy and 
regulatory approach to an issue. 
This process of annual onsite inspections ensures that natural resources and 
biodiversity are preserved, animal health and welfare are supported, and access to the 
outdoors for animals is provided. To ensure compliance of these regulations organic 
agriculture uses only approved materials, including non-genetically modified organisms 
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or ingredients, and separates organic food from non-organic food. Over 25,000 certified 
organic farmers, ranchers, and other businesses benefit from the USDA organic 
certification through over $39 billion in organic retail (Organic Trade Association, 2015). 
This billion dollar industry increased by over 10% from 2013 to 2014 and continues to 
grow every year because consumers are ensured that their food meets a lengthy list of 
standards dictating how their food is produced. The cost of this process is often high due 
to organic certification costs, which get passed along to the consumer. However, this 
certification process ensures that consumers are buying a product with a set of standards 
that the USDA enforces through annual inspections, investigating consumer complaint 
and taking action against farmers who violate the organic standards (USDA, Organic 
Agriculture). 
 
2.3 Soil Health 
 Healthy soil is comprised of minerals, organic matter, and soil microorganisms. 
The fertility of a soil is described by active and potential fertility. Active fertility is 
immediately available to plants, while potential fertility becomes available by chemical 
or microbial action on minerals and organic matter. Microorganisms in the soil render 
potential fertility into a usable form for plants. Soil microbiota includes bacteria, 
actinomyces, fungi, algae, and protozoa. These organisms, in addition to other organisms 
in the soil such as insects, total to hundreds of pounds per acre furrow slice. Further, 
microorganisms in the soil are controlled by seven factors of the environment: moisture, 
temperature, aeration, pH, food supply, biotic factors and inhibiting factors (Bollen, 
1959). 
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Conventionally managed soils are fertilized with synthetic fertilizers to provide 
the soil with active fertility. Fertilizers are commonly composed of nitrogen, 
phosphorous, and potassium (commonly referred to as NPK). Nitrogen fertilizers deplete 
rather than conserve solid carbon, by stimulating decomposition. Although carbon in 
adequate amounts can form a buildup within the soil, which is required to conserve 
nitrogen. Stabilized organic matter buildup in cultivated soils is always limited by 
moisture, temperature, and aeration. These same factors control total carbon and C/N 
ratio characteristic of the virgin soils of different climates. (Bollen, 1959). 
Cytosol and amino acids, which are the building blocks of protein, are comprised 
of nitrogen. Plants uptake nitrogen in two forms, nitrate or ammonium. Nitrogen is 
released into the soil as organic matter in the soil decomposes (Taiz, 344). Nitrogen 
fixation can occur through biological means as well, where atmospheric nitrogen is 
converted into ammonium by nitrogen fixing bacteria (Taiz, 351). When fertilizers are 
applied, absorption of ammonium and nitrate by roots may exceed the capacity of the 
plant to assimilate these ions, leading to an accumulation of ammonium and nitrate within 
the plant’s tissues. As ammonium accumulates, toxicity may occur. Ammonium toxicity 
can dissipate the pH gradient, which decreases the pH within a plant. Excess fertilizer can 
also lower the pH of the soil, resulting in a detrimental effect on soil microbes (Taiz, 
345).  
 Most nitrogen-based fertilizers lower soil pH, which changes the soil chemistry 
(Sposito, 2008). Lime is commonly applied to correct over acidification of the soil due to 
fertilizer application (Fuentes, 2006). As pH changes from its ideal range of 7.0, 
concentrations of various soil nutrients can increase or decrease depending upon the 
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change (Sposito, 2008). In one study on black pepper (Piper nigrum L.), pH inhibited 
root development and function by limiting the amount of potassium, calcium, and 
magnesium that plants absorbed, which led to a decrease in yield (Zu, 2014). pH not only 
affects abiotic factors such as carbon availability, nutrient availability, and the solubility 
of metals; but it also affects biotic factors such as the biomass composition of various 
micro-biota, (Rousk, 2009). In a study conducted on Cassava (Manihot esculenta Crantz), 
microbial populations studied were found to increase in every treatment except those 
managed conventionally. The results determined that the traditional, integrated and 
organic treatments improved bacteria, fungi, and actinomycete populations (Anil, 20014). 
 
2.4 Organic Versus Conventional Soil Management 
In 1981 the Rodale Institute created the Farming Systems Trial (FST), which 
compares organic versus conventional farming methods in a side-by-side experiment. 
The original experimental design was a split-plot randomized block with eight replicates 
for the three systems. The current design, beginning 2008, contrasts three different 
cropping systems, which are subdivided into till and no till plots: 1) manure-based 
organic, 2) legume-based organic and 3) conventional. Each tillage by cropping system 
treatment is now replicated four times. Each cropping system has different fertilization 
methods and soil management practices, which has the potential to change the amount 
and bioavailability of nutrients in the soil (Pimmentel, 2005).   
Soil health can vary based upon various soil management practices. Manure 
organic system utilizes periodic applications of composted manure combined with 
leguminous cover crops in the rotation, which serve as the nitrogen source. Legume 
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organic system contains an annual legume grain crop and leguminous cover crops as the 
only source of fertility. Both organic systems do not use herbicides, but rather rely on 
mechanical cultivation and weed suppressing crop rotations, where one crop acts as 
living mulch for another crop (Pimmentel, 2005). Organic farming is defined by the 
USDA as, “an ecological production management system that promotes and enhances 
biodiversity, biological cycles and soil biological activity.  
Organic farming is based on the minimal use of off-farm inputs and on 
management practices that restore, maintain, and enhance ecological harmony (Gold, 
1995). These practices seek to foster the development of a food production system that is 
not only ecologically sustainable, but socially and economically sustainable as well 
(Prescott, 2002). “Whereas organic farming uses no synthetic fertilizers or added inputs 
to increase productivity, conventional farming does just the opposite; often using 
synthetic, chemical fertilizers, and pesticides to benefit crop protection and productivity,” 
(Chaparro, 2012). Conventional soil management in the FST relies on synthetic nitrogen 
for fertility and herbicides for weed control, applied at rates based upon 
recommendations of Pennsylvania State Cooperative Extension (Pimmentel, 2005) and 
Pennsylvania State University.  
Serving as a model for organic and conventional grain cropping throughout 
the U.S., FST implements many of the same farming practices such as agrochemical 
application, and compares it to organic farming practices. For example, one common 
practice is the use of herbicides, which 90% of corn farmers in the U.S. rely on for 
weed control (Pimentel, 2005). Common conventional farming practices are then 
compared to organic practices that mimic their conventional counterparts 
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(Pimmentel, 2005). One common problem in organic and conventional agriculture is 
weed pressure, Ryan et al. (2009), found that weed-crop competition relationships 
differ in organic and conventional cropping systems. While weed pressure was 
higher in organic systems than conventional systems, yield was not significantly 
different. Soil carbon and nitrogen significantly increase through the use of organic 
practices (Lotter, 2003). This result was also confirmed by Teasdale et al., which 
described a study conducted by the USDA in Beltsville Maryland from 1994- 2002. 
In this study, they found that more nitrogen was available to corn in the organic 
treatment compared to the conventional treatment. The results suggested that 
organic can provide greater long-term soil benefits (Teasdale, 2007). 
The promotion of soil health through the use of cover crops and crop rotations 
used in organic agriculture promote soil health, results in a decrease in plant disease. In a 
study on spring wheat, crop sequence affected the frequency of disease present in spring 
wheat. When spring wheat was alternated with one or two years of alternate crops, the 
frequency of leaf spot disease was lower (Krupinsky, 2007). 
 A study on Cassava (Manihot esculenta Crantz), which is the third largest source 
of carbohydrate in the tropics after rice and maize, found that organic farming provided a 
clean environment by promoting soil quality and sequestering organic C. The authors 
concluded these results by using a random split plot design, which consisted of 
traditional, conventional, integrated, and organic treatments. In each of the four 
treatments, microbial biomass, aggregate stability, soil CO2 flux, soil temperature, and 
soil moisture were measured. The organic treatment was found to have the greatest values 
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in microbial biomass, aggregate stability, soil temperature, and soil moisture (Anil, 
2014).  
 Wuest et al. studied the effects of different soil amendments on wheat to improve 
soil carbon and nitrogen. The soil amendments consisted of bio-solid, manure, wood 
shavings, alfalfa, brassica, wheat, compost, sucrose, and cotton. Overall, it was found that 
soil amendments improved the soil from the original baseline, but the bio-solid, manure, 
and wood amendments yielded the greatest change from the baseline values (Wuest, 
2013).  
While the studies cited may prove soil amendments and crop rotations improve 
soil health through increasing soil carbon and nitrogen, they lack an extended period 
within the study to determine long- term data. FST, unlike the studies cited above, has 
been ongoing since 1981. Similar results have been analyzed over the 35-year duration to 
account for changes in climate and weather, in addition to observing the effects of soil 
carbon and nitrogen accumulation in the A Horizon, or top layer of soil, of the soil over 
time.  
 
2.5 Essential Plant Nutrients 
An intrinsic component in the structure or metabolism of a plant whose absence 
causes severe abnormalities in plant growth, development or reproduction is defined as 
an essential element (Taiz, 2002). Essential elements include hydrogen, carbon, oxygen, 
nitrogen, potassium, calcium, magnesium, phosphorous, sulfur, silicon, chlorine, iron, 
boron, manganese, sodium, zinc, copper, nickel, and molybdenum (Table 5.2). Normal 
growth occurs when plants receive all of the essential elements in addition to water and 
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sunlight (Taiz, 2002). For an element to be classified as essential, it must meet the 
specific criteria: it must be needed by a plant to complete its life cycle; its function cannot 
be replaced by another element; it is directly involved in plant growth and reproduction; 
and it must be needed by most plants (Njira, 2015). 
An inadequate supply of any of the essential elements results in a nutritional 
deficiency within the plant, which can manifest through characteristic deficiency 
symptoms. While the majority of the essential elements function in plant structure, 
metabolism, and cellular osmoregulation, nutrient deficiencies can also affect very 
specific roles such enzyme regulation. For example, calcium acts as a signal to regulate 
key enzymes in the cytosol (Taiz, 2002).  
 Nutrient deficiencies will often visually appear in the leaves. Some elements are 
considered mobile such as nitrogen, phosphorous, and potassium, which can be 
transported from older to younger leaves. Other elements such as boron, iron and calcium 
are relatively immobile and cannot be transported to younger leaves. Types of 
deficiencies can be distinguished by observing if younger or older leaves are affected by 
the nutrient deficiency (Taiz,2002). 
  The three most essential plant nutrients are nitrogen, phosphorous, and 
potassium. Nitrogen promotes growth, increases leaf size and quality, enhances fruit and 
seed development, and is contained in amino acids, the building blocks of proteins. An 
example of how nitrogen affects a plant can be seen in cereal grains, where nitrogen 
increases the size and plumpness of the grain. Phosphorous is also an essential 
component of most organic plant compounds such as nucleic acids, proteins, 
phospholipids, sugar phosphates, enzymes and energy-rich phosphate compounds, such 
13 
 
as adenosine triphosphate. Potassium, unlike nitrogen and phosphorous, remains in the 
ionic form and is not incorporated into organic compound structures. Potassium acts as an 
activator of various cellular enzymes. Enzyme activation includes metabolizing 
carbohydrates for synthesis of amino acids and proteins, cell division, and growth (Njira, 
2015).  
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Table 1. Classification of plant nutrients according to their biochemical functions (Taiz, 
2002). 
Mineral 
Nutrient 
Functions 
Group 1 Nutrients that are part of carbon compounds 
N Constituents of amino acids, amides, proteins, nucleic acids, nucleotides, 
coenzymes, hexoamines, etc. 
S Component of cysteine, methionine, and proteins. Constituent of lipoic 
acid, coenzyme A, thiamine pyrophosphate, glutathione, biotin, adenosine 
5’-phosphosulfate, and 3-phosphoadenosine  
Group 2 Nutrients that are important in energy storage or structural integrity 
P Component of sugar phosphates, nucleic acids, nucleotides, coenzymes, 
phospholipids, phytic acid, etc. Has a key role in reactions that involve 
ATP. 
Si Deposited as amorphous silica in cell walls. Contributes to cell wall 
mechanical properties, including rigidity and elasticity. 
B Complexes with mannitol, manran, polymanuronic acid and other 
constituents of cell walls involved in cell elongation and nucleic acid 
metabolism. 
Group 3 Nutrients that remain in ionic form. 
K Required as a cofactor for more than 40 enzymes. Principal cation in 
establishing cell turgor and maintaining cell electro- neutrality 
 Ca Constituent of the middle lamella of cell walls. Required as a cofactor by 
some enzymes involved in hydrolysis of ATP and phospholipids. Acts as a 
second messenger in metabolic regulation. 
Mg Required by many enzymes involved in phosphate transfer. Constituent of 
the chlorophyll molecule 
Cl Required for the photosynthetic reactions involved in O2 evolution. 
Mn Required for activity of some dehydrogenases, decarboxylases, kinases, 
oxidases, and peroxidases. Involved with other cation-activated enzymes 
and photosynthetic O2 evolution. 
Na Involved with the regeneration of phosphoenol pyruvate in C4 and CAM 
plants. Substitute for potassium in some functions.  
Group 4 Nutrients that are involved in redox reactions. 
Fe Constituent of cytochromes and non-heme iron proteins involved in 
photosynthesis, N2 fixation, and respiration. 
Zn Constituent of alcohol dehydrogenase glutarric dehydrogenase, carbonic 
anhydrase, etc. 
Cu Component of ascorbic acid oxidase, tyrosinase, monoamine oxidase, 
uricase, cytochrome oxidase, phenolase, laccase, and p-lastocyanin. 
Ni Constituent of urease. In N2- fixing bacteria, constituent of hydrogenases. 
Mo Constituent of nitrogenase, nitrate reductase, and xanthine dehydrogenase. 
 
 
 
 
15 
 
Table 2. Nutrient deficiencies: physical symptoms (Taiz, 2002). 
 
Nutrients Physical Deficiency Symptoms 
Nitrogen Chlorosis, or yellowing of the leaves 
Stunting of growth 
Woody Stems 
Purple coloration in the leaves 
Sulfur Chlorosis 
Stunting of growth 
Purple coloration in the leaves 
Phosphorous Stunted growth in young plants 
Dark green leaf coloration 
Necrotic spots (dead tissue) 
Silicon Lack of lignin 
High susceptibility to fungal infections 
Boron Necrosis 
Potassium Chlorosis which develops into necrosis 
Increased susceptibility to root rotting fungi 
Calcium Necrosis 
Deformity in young leaves 
Stem stunting 
Magnesium Chlorosis between leaf veins 
Leaves may become yellow or white 
Chlorine Wilting of leaf tips 
Chlorosis 
Necrosis 
Bronze like leaves 
Manganese Chlorosis of youngest leaves 
Necrosis 
Sodium Chlorosis 
Necrosis 
Failure to form flowers 
Iron Interveinal chlorosis of youngest leaves 
White leaves 
Zinc Interveinal chlorosis of youngest leaves 
Rosette leaf growth 
Small distorted leaves 
Necrosis 
Copper Dark green leaves  
Necrosis 
Nickel Leaf tip necrosis 
Only found in pecan trees 
Molybdenum Chlorosis 
Necrosis 
Disrupted flower formation 
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2.6 Soil Quality Affects Crop Quality 
 While fertilizers comprised of nitrogen, phosphorous, and potassium have helped 
to increase crop yield in conventional farming, many soils are left depleted of other key 
nutrients, which are vital to plant and human health (Jones, 2013). Nitrogen, 
phosphorous, and potassium are only three of 14 mineral nutrients demanded by crops. 
These three nutrients are frequently replenished and often over replenished. Between 
1960 and 1995, global nitrogen use increased sevenfold and global phosphorous use 
increased three and a half fold. The use of both nitrogen and phosphorous is estimated to 
increase by another threefold by 2050. As greater amounts continue to be used, crop 
production efficiency is not significantly increased. Only 30 to 50% of nitrogen fertilizer 
and 45% of phosphorous fertilizer is actually utilized by plants in current fertilizer 
concentrations (Tilman, 2002). 
Soils continue to be stripped of key nutrients as farmlands are used without 
replenishment of other key nutrients aside from nitrogen, phosphorous, and potassium 
(Jones, 2013). In developing countries such as India, soils are only being fertilized with 
nitrogen, phosphorous, and potassium without any of the other 14 essential nutrients 
resulting in nutrient deficiencies. This lack of complete replenishment of the soil is not 
only attributing to micronutrient deficiencies in the country, but to a decline in annual 
yields as well (Jones, 2013). 
Over fertilization of certain nutrients can also lead to decreased uptake of other 
nutrients. For example, the over supplementation of N can cause a decrease in calcium 
uptake. Calcium is needed for synthesis of plant cell walls (Njira, 2015). As nitrogen 
fertilizer consumption has increased from 5 x 10
6 
t year
-1
 in 1950 to over 200 x 10
6
 t year
-
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1 
in 2009, issues such as the inhibition of calcium uptake worsened (Jones, 2013). One 
study showed that an increase in nitrogen caused a 50% decrease in calcium content in 
pepper (Piper nigrum L.) plants (Bar-Tal, 2001). Other studies have reported a reduction 
in oil content of legumes, such as soybeans (Blumenthal, 2008).  Additionally it has also 
been found that, an increase in nitrogen decreases dry matter, total sugar, vitamin C, 
essential oils, methionine, and a various minerals (Prescott, 2002). Such decreases have 
been suggested that they lead to a decrease of nutrients available in food. These 
suggestions could mean that various micronutrients and other components of plants 
decrease; farming will produce an ever-decreasing sub-quality product.  
 
Table 3. Effects of pH, mineral deficiency, and over fertilization of nitrogen  
Author Cause Effects 
Bagayoko et al., 2000 pH Decrease in soil nutrient 
bioavailability 
Zu et al., 2014 pH Limit K, Ca, and Mg 
absorption 
Eppendorfer et al., 1994 Mineral deficiency Deficiency reduced starch 
content, lignin, glucose, 
amino acids 
Bar-Tal et. al, 2001; Follett 
et al., 2008; Njira et al., 
2015 
Over fertilization of 
N 
Decrease in Ca, decrease in 
oil content of legumes 
Prescott et al., 2002 Over fertilization of 
N 
Decrease in dry matter, total 
sugar, vitamin C, essential 
oils, methionine, and various 
minerals 
 
 Although fertilization methods have increased in popularity, they are often not 
needed to achieve desired agricultural yields. The U.S. National Academy of Sciences 
(2003) reports that excessive fertilizer use results in a loss of $2.5 billion from wasted 
fertilizer inputs. Findings from Rodale Institute’s Farming Systems Trial showed that 
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organic yields are the same as conventional yields (Rodale Institute, 2011).  In fact, 
during years of drought, organic agriculture actually produced greater yields compared to 
those produced using conventional agriculture (Rodale Institute, 2011; Lotter, 2003).     
As soil quality increases due to improvements in soil management practices, there 
is a decrease in need for such heavy applications of fertilizers. Soil quality increases 
when soil organic matter increases. Soil organic matter helps to promote biodiversity in 
the soil ecosystem and store carbon and nitrogen in the soil. Reductions of biodiversity 
reduce the soil carbon and nitrogen concentrations, alter microbial communities, and 
degrade soil ecosystem functions (McDaniel, 2014). When crop management practices 
add other crops to a monoculture and include a cover crop into that rotation, total carbon 
increases by 8.5% and total nitrogen increases by 12.8%. Simple soil building practices 
reduce the need for conventional fertilizers and increase nutrients in the soil that are 
readily available for uptake by the plants (McDaniel, 2014).   
Cultivation methods that enhance soil quality were shown to impact nutrition in a 
Denmark study (Jensen, 2012). In that study three different cultivation methods were 
used; OA, organic based on livestock manure; OB, organic based on green manure; and 
C, conventional with mineral fertilizers and pesticides, each with two field replicates. The 
study showed cultivation methods had an impact on nutrition quality, affecting γ-
tocopherol, some amino acids, and fatty acid composition, which differed by harvest year 
and location. Overall the organic treatments yielded better nutritional quality in the 
various plants studied (Jensen, 2012). 
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Prescott et al. (2002) cites examples of factors that can influence nutritive value of 
crops, such as: 
 1. Genetics (i.e., plant crop and cultivar) 
2. Environment 
 Soil type and structure 
 Fertilizer type and application method 
 Climate- light, temperature, rainfall, humidity 
 Soil microbial populations 
 Management practices- e.g., crop rotations, use of pesticides, 
irrigation, growth regulators, cultivation practices 
3. Post- harvest practices 
 Harvested time (crop maturity) 
 Handling and storage 
 Processing methods and conditions. 
The various examples Prescott et al. (2002) lists, shows that there are many variables that 
can affect crop nutrient quality.  
 
2.7 Declining Nutrition (“The Dilution Effect”) 
 “The Dilution Effect” describes how as crop yields have increased in recent 
history, while the concentrations of minerals in plants have decreased (Jarrell et al. 1981). 
Data has suggested that nutrient density has declined in fruits and vegetables over the last 
several decades (Davis, 2009). Reductions in nutrient density between 5 to 40% have 
been reported (Davis, 2009). The degree of nutrient density decline varies depending on 
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the mineral, vitamin, and protein. This is thought to be associated with the increase in 
crop yields and decrease of bioavailability of nutrients in the soil. Since the 1940s, 
various nutrients densities have been decreasing in a variety of crops associated with 
practices that aim to increase crop yields while decreasing soil nutrients (Davis, 2009). 
Jarrell et al. (1981) refer to this phenomenon as the “dilution effect.” As plant breeders 
select for high yield, they are essentially selecting for larger carbohydrate content, with 
no certainty that the other plant nutrients will be in proportion (Davis, 2009). While some 
may criticize that there may be flaws in historical data, studies have been conducted on 
archived samples, which have reported the same findings (Fan, 2008). 
 
2.8 Protein Degradation 
In addition to nutrient degradation due to soil quality, protein quality is also 
thought to be declining (Davis, 2009). Protein degradation is most commonly explained 
as a result of increasing atmospheric carbon dioxide (CO2). Plants grown under elevated 
atmospheric levels of carbon dioxide have a decreased concentration of nitrogen in their 
tissue, compared to plants grown under current ambient carbon dioxide. Plants grown 
under elevated carbon dioxide levels have been found to have a mean decrease in dry 
mass concentrations of nitrogen by 14% in above ground tissues and 9% in roots (Taub, 
2008). Under elevated carbon dioxide levels, C3, (photosynthetically fix carbon dioxide 
into three carbon compound, i.e. 3-phosphoglycerate) plants favor the photosynthetic 
carbon reduction cycle over the photorespiratory cycle, resulting in higher rates of 
carbohydrate production and plant productivity (Conroy, 1993, Taiz, 2002). The favoring 
of the photosynthetic carbon reduction cycle appears to alter nitrogen and carbon 
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metabolism in the leaf, possibly causing decreases in nitrogen concentrations in the leaf 
(Conroy, 1993). By increasing carbohydrate concentrations, nitrogen concentrations 
decrease in plants. Since protein is comprised of an nitrogen backbone, elevated carbon 
dioxide may also cause a reduction in the protein content of plants (Hocking, 1991). 
Observations over the last few decades have supported such data as wheat and barley 
protein concentrations have declined by 30-50% (Davis, 2009). Another study evaluated 
43 garden crops and reported a median decrease in protein of 6% (Davis, 2004). 
To mitigate the effects of elevated carbon dioxide, nitrogen is often added to soil. 
Over fertilizing with nitrogen may also affect protein metabolism. When plants are 
presented with excess nitrogen, protein production is increased while carbohydrate 
production is decreased. When carbohydrate content decreases in a plant, so does vitamin 
C since carbohydrates are a precursor to vitamin C production. While total protein may 
be high due to excess nitrogen, certain amino acids, such as lysine, are not produced, 
resulting in an incomplete protein. If the plant cannot convert all of its’ nitrogen into 
protein, excess nitrogen is accumulated in the form of nitrates. Excess nitrates are 
primarily stored in the leafy part of the plant and can be toxic. Since organic agriculture 
adds less nitrogen when compared to chemically fertilized conventional agriculture, it is 
expected there would be less protein, but a higher quality of more complete protein. It 
would also be expected that organic agriculture would produce plants higher in vitamin C 
and lower in nitrates due to less nitrogen inputs (Worthington, 2001).  
In another study, El Gindy et al. (1957) investigated the effect of fertilizer 
treatment, variety and soil type on the protein content of wheat. They determined that 
plant variety had more influence on protein, than fertilizer or soil type; although, 
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significant interactions between soil type and fertilizer treatment were found for some 
nutrients. 
 
2.9 Effects on Human Nutrition 
Since the USDA Organic label began appearing on food, consumers have been 
asking what is the difference? The difference comes with a long list of standards listed on 
the USDA’s website (2015). The list of USDA Organic Standards includes a list of rules 
and regulations, such as the absence of genetically modified seeds and elimination of the 
application of synthetic agrochemicals. All foods produced under the organic standards, 
must be documented in accordance with USDA standards for certification (Prescott, 
2002). Organic foods are thought to contain higher nutrient density, more antioxidants, 
and lower levels of pesticide residues and heavy metals (Baranksi 2014; Bickel and 
Dossier, 2015; Guyot et al., 2013; Nichols, in press). 
  
2.91 Oats 
Oats and other grains are a major component of the U.S. dietary recommendations, with a 
daily recommendation of six ounces of grains per day. The U.S. dietary guidelines 
recommend that at least half of grain consumption consist of whole grains (Chu, 2013; 
USDA and HHS, 2010). When compared to other cereal grain, the benefit of oat grain 
consumption include that they are naturally high in many valuable nutrients such as 
soluble fibers (beta-glucans), proteins, unsaturated fatty acids, vitamins, minerals and 
antioxidants (Chu, 2013). Total dietary fiber is a major component of oats; it comprises 
approximately 10-15% of the proximate analysis. Approximately 40-50% of the total 
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dietary fiber is comprised of mainly beta-glucans with some small quantities of other 
soluble fibers, such as arabinoxylan and arabinogalactan (Chu, 2013; Doehlert, 2012; 
Manthey, 1999). Beta-glucan soluble fiber in oats has been linked to lowering cholesterol 
in many studies and has additionally been associated with reductions in glycemic 
response. Food manufacturing companies may advertise these health benefits if the 
product contains whole oats or oat bran with 0.75 g if soluble fiber as beta-glucans (Chu, 
2013). Protein content of oats is considerably higher than other cereal grains, presented in 
Table 4. The protein content of oats is higher in both protein concentration and superior 
protein composition (Chu, 2013; Klose et al., 2012). Higher concentrations of lysine and 
tryptophan are found in oats, compared to other cereal grains (Chu, 2013). While 
different levels of nitrogen fertilizers can affect protein concentrations, amino acid 
composition is not as easily influenced by the increase in nitrogen in comparison to other 
cereals (Chu, 2013; Lásztity, 1996). In comparison to other cereal grains, oats have a 
relatively high fat content compared to other cereal grains. The oil content of the oats 
contains both linoleic and linolenic acid, both essential fatty acids (Chu 2013; Lásztity, 
1998). 
 
 
Table 4. Dietary fiber, protein, and fat content per 100 g of commonly consumed grains 
[Based on value of dietary fiber, protein, an fat in grams per 100 g of grain (US 
Department of Agriculture, 2012)]. 
Nutrient Oats, dry Wheat flour, 
WG 
Corn Meal, 
WG 
Rice, white, 
long grain, 
raw, 
unenriched 
Rice, brown, 
long grain, 
raw, 
unenriched 
Fiber (g) 11 11 7 1 4 
Protein (g) 17 13 8 7 8 
Lipid (g) 7 3 4 1 3 
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Table 5. Macro- and micro- nutrients of 100g of oats [Based on values per 100 g of oat 
grain (USDA National Nutrient Database for Standard Reference, 2012)]. 
Nutrient Value Per 100 g 
Water (g) 8.22 
Energy (kcal) 389 
Protein (g) 16.89 
Total lipid (fat) (g) 6.9 
Carbohydrate (g) 66.27 
Fiber, total dietary (g) 10.6 
Calcium (mg) 84 
Iron (mg) 7.36 
Magnesium (mg) 276 
Phosphorous (mg) 816 
Potassium (mg) 669 
Sodium (mg) 3 
Zinc (mg) 6.19 
Vitamin C (mg) 0.0 
Thiamin (mg) 1.190 
Riboflavin (mg) 0.217 
Niacin (mg) 1.499 
Vitamin B-6 (mg) 0.816 
Folate (µg) 87 
Vitamin B-12 (µg) 0.00 
Vitamin A, RAE (µg) 0 
Vitamin A, IU 0 
Vitamin D (D2 + D3) (µg) 0.0 
Vitamin D (IU) 0 
Fatty Acids, total saturated (g) 1.899 
Fatty Acids, total monounsaturated (g) 3.398 
Fatty Acids, total polyunsaturated (g) 3.955 
Cholesterol (mg) 0 
 
2.92 Nutrient Density and Antioxidant Concentration 
Baranski et al.’s (2014) systematic review and meta-analysis found differences 
among macro- and micronutrients in organic and conventional crops. Higher 
concentrations of total carbohydrates were found, while lower concentrations of proteins 
were found. In the analysis of micronutrients, higher levels of molybdenum, rubidium, 
manganese, gallium, and magnesium were found in organic crops (Baranski et al., 2014).  
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Baranski et al. also found higher levels of polyphenols, total flavonoids, total 
phenolic acids, phenolic acids, flavanones, stilbenes, flavones, flavonols, kaemmpferol, 
and total anthocyanins in organic crops. Certain organic crops may contain up to 69% in 
the content of select antioxidants such as polyphenols. Antioxidants fight free radicals 
within the body and therefore; an increase in antioxidants could have a positive health 
impact on consumers (Baranski, 2014; Nichols, in press).  Based upon the differences in 
organic and conventional crops, consumers could increase their consumption of 
antioxidants by 20-40% by switching to an organic diet (Baranski, 2014). According to 
the estimate, this would equate to consuming one or two fruit and vegetable servings per 
day, instead of the current recommendation of five servings. Suggesting, this increase in 
antioxidants would increase nutrition of food without increasing caloric intake, aligning 
more with dietary recommendations (Baranski, 2014). 
 
 2.93 Pesticide Residues 
 While nutrient density is thought to differ between organic and conventional 
agriculture, it is thought that pesticide residue concentrations on organic and conventional 
foods differ as well. Baranski et al. (2014) conducted a meta-analysis; the suggested 
findings proposed that the frequency of detection of pesticide residues was four times 
more likely in conventional crops, compared to organic crops. Total nitrogen, nitrate and 
nitrite concentrations were significantly lower in organic crops as compared to 
conventional crops. Agrochemicals are known carcinogens. Agrochemicals are one of the 
many substances that are thought to induce oxidative stress on the body, which can lead 
to cell abnormalities. The basic mechanism of oxidative stress includes initiating a cyclic 
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oxidation/reduction process, which consists of electron reduction by NADPH to form free 
radicals that donate their electrons to an electron acceptor, oxygen (Abdollahi, 2004). The 
electron acceptor produces a superoxide radical. Upon NADPH exhaustion, the 
superoxide reacts with itself and produces hydroxyl free radicals that lead to cell death. 
The hydroxyl free radicals are toxic to the body by reacting with the lipids in the cell 
membrane. The reaction of free radicals with the lipids in the cell membrane is known as 
lipid peroxidation, which occurs during the destructive phase (Abdollahi, 2004). 
Subsequently, the proliferative stage ensues by replicating the mutated cells. Oxidative 
stress is thought to play a role in autoimmune, eye, GI tract, kidney, lung, 
neurodegenerative, red blood cells, skin, vascular and other various diseases. Oxidative 
stress on cells can be prevented by antioxidants, which are commonly found in fruits and 
vegetables. As antioxidants decrease in produce, more foods containing antioxidants are 
needed in the diet to prevent oxidation of the cells (Abdollahi, 2004).  
 Antioxidants from the diet help to decrease oxidative stress within the body by 
reducing (or donating electrons to) the oxidized oxygen on the free radical compound. 
Antioxidants that can be found in the diet include glutathione, arginine, citrulline, taurine, 
creatine, selenium, zinc, vitamin E, vitamin C, vitamin A, and tea polyphenols. In 
addition to antioxidants, antioxidant enzymes such as superoxide dismutase, catalase, 
glutathione reductase, and glutathione peroxidases exert synergistic actions in scavenging 
free radicals just as antioxidants do (Fang, 2002). Data has shown that over the past three 
decades that malnutrition (e.g., dietary deficiencies of protein, selenium, and zinc) or 
excess of certain nutrients (e.g., iron and vitamin C) gives rise to the oxidation of 
biomolecules and cell injury (Fang, 2002).  Davis et al. (2009) reported that nutrient 
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density reductions have occurred over the last several decades between 5 to 40%. With 
current malnutrition or the lack of obtaining enough nutrients and calories in the diet, the 
nutrient decline in food could hinder the body from reducing more free radicals within 
the body. 
 In addition to effects on the body caused by oxidative stress resulting from 
pesticide exposure, there are several other disease states that can be caused by pesticide 
exposure, which can have ramifications for how the body absorbs and processes 
nutrients, such as metabolic disorders, hyperglycemia, and diabetes. The pesticides 
associated with these disease states are organophosphates, organochlorines, and 
carbamate (Karami- Mohajeri, 2011). Clinical studies showed that organophosphate and 
polychlorinated dibenzo-p-dioxins impaired fasting glucose levels (Lee, 2007; Lee, 2008; 
Ukropec, 2010; Karami- Mohajeri, 2011). When exposed to trans-noacholr and beta-
hexacholorocyclyhexane, serum glucose levels were elevated (Cox, 2007; Avsarogullari, 
2006; Karami- Mohajeri, 2011). In another study, pregnant women were found to be at 
higher risk of gestational diabetes when exposed to organophosphates, organochlorines, 
and carbamate during the first trimester of pregnancy (Saldana, 2007; Longnecker, 2001; 
Chen, 2008; Karami- Mohajeri, 2011). The pancreas has a critical role in the release of 
insulin, glucagon, and digestive enzymes. It is suggested that with such detrimental 
effects on the pancreas from pesticide exposure, the metabolism of carbohydrates, lipids, 
and proteins can be affected (Karami- Mohajeri, 2011). 
 Exposure to organophosphates can also have effects on the function of the liver. 
Studies have investigated the effects of fethion on inducing hepatic glycogenolysis 
(Servastava, 1983; Karami- Mohajeri, 2011). Fenitrothion exposure elevated glycogen 
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physophorylase activity, which lead to a reduction of hepatic glycogen content 
(Koundinya, 1979; Lal, 1986; Karami- Mohajeri, 2011). High levels of cabaryl and 
phorate increased alkaline phosphatase and bilirubin, while chlorpyrifos and 
deltamethrun have been known to cause liver damage (Jyothi, 1999; Tuzmen, 2008; 
Karami- Mohajeri, 2011). 
 
  2.94 Heavy Metals 
Baranski et al. (2014) found lower concentrations of cadmium in organic crops. 
Cadmium is a toxic metal, which accumulates in the in the human body, particularly the 
liver and kidneys. With this in mind Cd intake should be kept to minimum. While 
cadmium is only one of three toxic metals found in pesticide residues, no significant 
differences could be found when other toxic metals such as arsenic and lead were 
analyzed in the data. While heavy metals do not commonly occur in the diet, they can be 
consumed via pesticide residues on food. On average, organic crops were found to have a 
48% lower concentration of cadmium compared to their conventional counterparts. 
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Table 6. Key study review findings on nutrients 
 
Study Design Number of 
Studies 
Topics  Key Results 
Baranski 
et al, 
2014 
Systematic 
Literature 
Review and 
Meta- 
Analysis 
343 peer 
reviewed 
articles 
 Differences in 
composition of organic 
and conventional food 
i.e. nutrient 
concentrations and 
pesticide residues 
 
 Higher 
antioxidants 
 Lower 
cadmium 
concentrations 
 Lower 
incidence of 
pesticide 
residues 
Prescott 
et al, 
2002 
Critical 
Review 
  Retail purchase 
comparisons 
 Fertilizer treatment 
comparisons 
 Whole farm 
comparisons 
 Animal and human 
studies 
 Pesticide residues 
 Thought to be 
lower in 
pesticide 
residues 
 Studies within 
review differ 
 Nutrient 
qualities 
differed in 
studies 
reviewed 
Smith- 
Spangler 
et al., 
2012 
Systematic 
Review 
 17 human 
studies 
 223 studies 
of nutrient 
and 
contaminant 
levels in 
foods 
 
 Nutrient density 
 Pesticide exposure 
 Nutrient levels  
 Results 
differed within 
the review 
 Lower 
pesticide 
residue 
Nichols 
et al, (in 
press) 
Comprehensiv
e Review 
  Nutritional quality 
 Nutritional quality and 
human health 
 Pesticides and human 
health 
 Antibiotics and human 
health 
 Regenerative organic 
 Higher 
antioxidants 
 Lower 
cadmium 
concentrations 
 Lower 
incidence of 
pesticide 
residues 
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2.95 Consumer Health 
While nutrient density of organically versus conventionally produced food has yet 
to show any statistical significance, it has been found in many studies that organic food is 
lower in heavy metals (i.e. cadmium, chromium, and strontium) due to lower pesticide 
residues (Bickel and Dossier, 2015; Nichols, in review). Studies performed in France and 
Germany determined that consumers of organic food are healthier, which could suggest 
that organic food consumption attributes to a healthy life style (Guyot et al., 2013, 
Nichols, in review; Baranski et al., 2014). The Healthy Eating Consumer Trend Report, 
surveyed 1500 U.S. consumers and found that consumers chose organic food as slightly 
or much more healthy choice. The reasons stated by consumers surveyed were: contains 
no pesticides (71%), produced without added hormones (70%), produced without 
antibiotics (64%) and contain no preservatives (64%) (Paul, 2013). 
 
2.96 Food Security 
The World Health Organization (WHO) defines food security as, “when all 
people at all times have access to sufficient, safe, nutritious food to maintain a healthy 
and active life,” (WHO, 2015). Approximately 14% of American households are food 
insecure, while severe nutrition problems affect over half of the world’s population 
(Feeding America, 2015; FAO, 2013). Malnutrition is the underlying cause of 2.6 million 
(or a third) of childhood deaths each year, and one in four or 25%, of the world’s children 
are stunted or have a decreased growth rate from the inability to meet requirements for 
specific nutrients. Under-nutrition, failing to meet daily caloric needs, accounts for 11% 
of global burden of disease (Global Alliance for Improved Nutrition, 2015; Stein, 2015). 
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While many are food insecure, there currently is enough food to support the 
existing global population (Badgley, 2007; FAO, 2013; Lotter, 2003). Globally over 840 
million people suffer from hunger, while one- third of the food supply is wasted (FAO, 
2013). Some may argue that organic agriculture cannot feed the world, but Rodale 
Institute has found that organic and conventional yields are similar, while organic 
produces more in years of drought (Lotter, 2003). A similar study found that organic 
agriculture can sustain the current global population with enough food and the potential 
to support a larger population in the future without increasing the current agricultural 
land base (Badgley, 2007).  
 
2.97 Micronutrient Deficiency 
The UN’s first Millennium Development Goal is to eradicate extreme poverty and 
hunger (UN, 2015). Currently the Food and Agriculture Organization measures the 
proportion of undernourished people worldwide to determine the progress of eradicating 
hunger. This calculation is based upon food availability, which is only one of the 
determinants of under nutrition (Stein, 2007). If eradicating hunger is based upon food 
availability rather than its ability to fulfill daily-recommended intakes, malnutrition will 
still persist even with an adequate global food supply (Stein, 2007). 
It is currently thought there is enough food in the global food supply to feed our 
current and future population. With those estimations, the current focus should be on 
improving the nutritional quality of our current food supply, not increasing food 
production. Approximately two billion people in the world are thought to suffer from at 
least one of the many forms of micronutrient malnutrition (GAIN, 2015). The most 
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severe of these micronutrient deficiencies is a deficiency of vitamin A, which can lead to 
night blindness and decreased immune health (Stein, 2015).  
With GAIN’s estimation of approximately two billion people across the world 
suffering from micronutrient malnutrition, it is important to determine which 
micronutrients are at lower concentrations than expected in food. Davis et al. found a 
statistically significant decline of six nutrients, including (protein, calcium, phosphorous, 
iron, riboflavin, and ascorbic acid) in 43 foods, primarily vegetables (Davis, 2004). This 
decrease of nutrients in food is thought to be due to a decrease in soil nutrients (Jones, 
2013). Jones et al. found that only three (nitrogen, phosphorous, and potassium) out of 
the 14 essential nutrients are being replaced in conventional farming (2013). When 
nitrogen, phosphorous, and potassium is being replaced in excess, nitrogen over 
supplementation affects the uptake of other nutrients such as calcium (Njira, 2015, Bar-
Tal, 2001).  
As food systems begin to produce greater amounts of food for a growing 
population without properly restoring the soil, soil nutrients will continue to decline 
resulting in a lower nutrient dense food (Jones, 2013). A population currently 
experiencing this problem is India, which has a widespread zinc deficiency due to the low 
micronutrient quality in their produce. The estimated burden of a zinc deficiency in India 
totals approximately 2.8 million Disability Adjusted Life Years (DALY), of which 2.7 
million are due to mortality and morbidity, with the majority among infants (Jones, 
2013). 
Currently in the U.S., the prevalence of obesity is increasing worldwide. While 
this would normally indicate a population receiving excess nutrition, this is often not the 
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case. Malnutrition in the U.S is a double burden, where under nutrition in children and 
overweight adults may exist in the same household (WHO, 2016). A shift from eating 
more plant-based diets high in nutrients to diets high in processed foods that lack 
nutrients, have led to a rise in nutrition-related chronic diseases (Stein, 2015). 
2.98 Reasons for Further Studies 
While not all health benefits have of organic agriculture have been discovered or 
thoroughly researched through long-term studies, studies and review papers have been 
emerging to discuss the topics on food safety to the healthfulness of organic versus 
conventional foods (Prescott, 2002; Smith-Spangler, 2012). Smith-Spangler et al. (2012) 
did a recent systematic review at Stanford University. The authors discuss everything 
from pesticide exposure to nutrient density. Smith- Spangler et al. (2012) concluded that, 
“The published literature lacks strong evidence that organic foods are significantly more 
nutritious than conventional foods. Consumption of organic foods may reduce exposure 
to pesticide residues and antibiotic-resistant bacteria.”  
Similar to FST, some studies included in the review had randomized block design, 
but lacked an appropriate length of time for the study (Citak, 2009; Smith-Spangler, 
2012). Many others studies do not take place in United States, meaning those countries 
do not have the same organic standards (Fernandez, 2003, Citak, 2009; Smith-Spangler, 
2012). Overall these studies were found to be inconclusive, while there are many reasons 
why a review of current studies would be inconclusive, such as lack of long-term studies, 
or not sampling from the same site, it is clear that more research is still needed.  
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A review written by Prescott et al. (2002), also finds comparisons of the nutrition 
of organic versus conventional foods to be inconsistent. Although most contain one of 
four main approaches: 
“1. The chemical analysis of organic and conventional foods purchased from 
retailers 
2. The effect of different fertilizer treatments on the nutritional quality of crops 
3. The analysis of organic and conventional foods produced organically and 
conventionally managed farms 
4. The effect of organic and conventional feed/ foods on animal and human health 
(predominantly reproductive health).”                                                              
The authors concluded that there is considerable variation between the types of studies 
and study design. 
While each of these designs research various aspects of organic food, the four 
approaches make it difficult to compare findings to other research due to the variety of 
study designs used. Studies that focus on fertilizer type on nutritional value and foods 
purchased from retailers, do not allow for well-defined conclusions to be made about the 
impact of organic and conventional production systems on nutritional value (Prescott, 
2002). Rodale Institute’s Farming Systems Trial began in 1981 as a side-by-side 
comparison of organic versus conventional systems; their long-term data have supported 
that yields are the same in organic and conventional agriculture, except in years of 
drought when organic agriculture produces greater yields. Organic agriculture also has 
been found to have a better profit, lower energy input, and less greenhouse gas emissions 
when compared to conventional farming methods. While their data supports farmer, 
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environmental, and economic knowledge of organic and conventional agriculture, it lacks 
the health benefits now being demanded by consumers (Rodale, 2011). 
While FST contains grain crop, other studies have investigated on the nutrition of 
vegetable crops such as carrots, lettuce, potatoes, and leafy greens. The most common 
nutrients analyzed in these studies are vitamin C, carotene, and nitrate. Most of the 
studies use a randomized block design with replicates, while other studies have less 
systematic designs (Prescott, 2002). 
 Organic food sales have increased from $3.6 to $26.7 billion dollars from 1997 to 
2010 (Smith-Spangler, 2012). With such a recent increase in consumer demand for 
organic food, it is still inconclusive as to how organic versus conventional agriculture 
affects human health. Lack of time to adequately perform long-term studies to determine 
the nutrient density of various crops and their effect human health are still needed. 
Rodale Institute’s Farming System’s Trial has been the longest running organic versus 
conventional studies performed in the United States, but lacks nutrient research.  
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3.0 Conclusion 
 One of the primary reasons crop nutrient concentrations are decreasing is due to 
farming without managing the soil or replacing lost nutrients. (Davis, 2009; Taub, 2008). 
This study would compare organic versus conventional farming methods with the aim of 
improving nutrient levels of plants by analyzing the nutrient content of organic and 
conventionally grown oats in Rodale Institute’s Farming Systems Trial. The current 
literature is inconclusive to whether organic food is more nutritious than conventionally 
produced food. With such inconclusiveness, it is necessary to continue to studying what, 
if any nutritional differences there are between organic and conventional agriculture. 
 It is theorized that organic farming methods would improve nutrient density of 
crops, since organic agriculture helps to build soil through the use of compost 
fertilization, green manure, and no till methods to name a few. Increasing nutrient density 
from current concentrations will help to alleviate micronutrient deficiencies worldwide. If 
we as a human population continue to deplete our food of nutrients, malnutrition will 
surely be exacerbated as world populations continue to grow (Davis, 2004; Jones, 2013). 
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CHAPTER 3: METHODS 
 
3.00 Rodale Institute 
 Rodale Institute is a nonprofit research institution dedicated to pioneering organic 
farming to improve the viability, productivity of crops using current agricultural 
technologies and practices. In 1947, J.I. Rodale founded Rodale Institute in Emmaus, 
Pennsylvania. However, as the farm expanded J.I.’s son, Robert Rodale purchased a farm 
in Kutztown, Pennsylvania in 1971 where the Rodale Institute is located currently on a 
335- acre experimental farm. In 1981, Robert Rodale collaborated with the USDA to 
establish the study design to compare organic versus conventional grain farming systems, 
and the Rodale Institute created the Farming Systems Trial (FST). 
 
3.10 Farming System Trials 
 Rodale Institute’s FST compares organic and conventional farm management 
practices in crops grown side-by-side. Yields, profit, energy input, greenhouse gases, and 
carbon to nitrogen soil ratios have been measured in FST since its inception. The data 
have revealed that yields over time are statistically the same, except in years of drought 
when organic agriculture produces greater yields. Organic agriculture also has been found 
to have a better profit, lower energy input, and less greenhouse gas emissions when 
compared to conventional farming methods. The crop samples used to analyze the 
relationship between soil and nutrient density were grown in the 6.1 hectare field site 
located within the 335 ha experimental research farm. The soil in this area is moderately 
well drained comly silt loam with small areas of Berks shaley silt loam and Duffield silt 
loam (Ryan, 2009). The trial compares grains grown using a manure-based organic 
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system, a legume-based organic system, and a synthetic input-based conventional system. 
Each system is split into tilled (plowing of the field) or no-tilled (lack of plowing) 
treatments with four replicate plots. These systems are designed to mimic commonly 
used crops and management techniques, including use of genetically modified (GM) 
crops in the conventional system. Manure organic system utilizes periodic applications of 
composted manure and leguminous cover crops, which serves as the nitrogen source. 
Legume organic system utilizes an annual legume grain crop and leguminous cover crops 
as the only source of fertility. Both organic systems do not use herbicides, but rather rely 
on tillage (mechanical cultivation) and weed suppressing crop rotations, where one crop 
acts as living mulch for another crop. Conventional soil management relies on synthetic 
nitrogen for fertility and herbicides for weed control applied at rates based upon 
recommendations of Pennsylvania State Cooperative Extension (Pimentel, 2005) and 
Pennsylvania State University.  
 The experimental design is based on the one currently in place for FST (where the 
three management systems are the main plots and tilled or no-tilled are the sub-plots). 
The 24 main plots for this study were in a randomized complete block design, which 
utilized mathematics to group subsets which in the case of FST are repeated several 
times, with three different points of entry in the rotation incorporated into each plot, 
giving a total of 72 plots.  Main plots consisted of one conventional and two organic 
systems. Main plots measure 18x92 m and are separated by 1.5 m grass strips to 
minimize transfer of soil, fertilizers and pesticides between cropping system plots. Within 
each main plot, there are three subplot treatments (crop rotation sequence entry points) 
which are 6 x 92 m. Entry point subplots ensure that multiple crops are present in the 
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rotation each year. For this study, only one of the points of entry was analyzed. This 
particular point of entry was chosen based upon the most similarity between the organic 
and conventional rotations’ history (Liebhardt et al. 1989; Lotter et al., 2003; Pimentel et 
al. 2005; Ryan, 2009). 
 A variety of grains such as corn, soybean or wheat are typically planted in these 
plots. However, in the 2014 growing season, a uniform oat crop was planted across the 
whole field to reset the experiment for a design change in the following year. After 
harvest, grain was cleaned with a winnowing machine, which blows air through the 
sample to remove debris, and then again by hand to remove any other contaminants, such 
as weeds or anything else the winnower did not clean off.  
 
3.20 Cropping Systems 
a. Manure Organic 
 In the manure organic system, composted cattle manure is applied at 18 Mt ha
-1
 
(wet weight) for grain maize and 27 Mt ha
-1
 (wet weight) for silage maize. During the 
non-maize rotations, this system receives fertility via cover crops (Ryan, 2009). 
b. Legume Organic 
 Legume organic is the second organic system of FST. This system is fertilized 
with medium red clover (Trifolium pratense L.) or hairy vetch (Vicia villosa Roth) which 
serves as the primary N source.  Soybean in rotation provides supplemental fertilization 
to the system (Ryan, 2009). 
c. Conventional 
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 Mineral fertilizer is the primary source of fertility in the conventional system of 
FST. Over the 34- year history of FST, the formulation and application rates have varied. 
In general, application consists of 34 kg ha
-1
 of nitrogen, 34 kg ha
-1
 of phosphorus (P2O5) 
and 11 kg ha
-1 
of potassium (K2O) applied as a starter fertilizer at planting and a 114 kg 
ha
-1
 of N dribble applied between maize rows approximately 45 days after planting. The 
fertilizer was applied as urea ammonium nitrate or mono-ammonium phosphate. 
 Chemical weed management is used in the conventional system. Weeds are 
managed with herbicide recommendations from Pennsylvania State Cooperative 
Extension and/or Pennsylvania University Extension. Over the 35-year history, specific 
herbicide applications have varied. Typical weed management in soybean included 
chloracetamide (e.g. metolachlor), dinitroanaline (e.g. pendimethalin), sulphonylurea 
(e.g. chlorimuron) and triazine (e.g. metribuzin) herbicides. Typical weed management in 
maize included pre-emergence applications of chloracetamide (e.g. metolachlor), 
dinitroanaline (e.g. pendimethalin) and triazine (e.g. atrazine) herbicides. Starting in 
2008, with the introduction of GMO seeds, such as Round –Up Ready corn and soybeans, 
glyphosate e.g. Round- Up has become the primary herbicide in the conventional system. 
In all three systems, potassium was applied as needed, based on soil test 
recommendations, with potassium sulphate (K2SO4) applied in the manure and legume 
systems and potassium chloride (KCl) applied in the conventional system. Calcitic lime 
was applied across all systems based on soil test recommendations (Ryan, 2009).  
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3.30 Cropping Systems Rotations 
 The three management system treatments in FST contain various rotations of 
maize and soybean. Manure and legume organic systems are on a 5-year rotation 
sequence of maize, soybean, silage maize, wheat, and hay; followed by a 3-year rotation 
sequence of maize, soybean, and wheat. The conventional system consists of a 5-year 
sequence of maize, soybean, maize, maize, and soybean. Subplot treatments within the 
main 24 plots at FST, are entry points that allow three of the crops within each cropping 
system to be grown each year. For example, in the 35- year history of FST, minor 
changes have been made to the crop rotation sequence. In the legume system, red clover 
or hairy vetch were frost seeded into or sown after wheat.  
 In 1992, Cereal rye (Secale cereale L.) was planted after maize in both organic 
systems. In 2003 and 2014, all 72 plots were planted to oats (Ryan, 2009). 
 
Table 3.1. Farming Systems Trial (FST): Three Cropping Systems 
Treatment Seed 
Type 
Fertilization Pest Management 
 
 
Manure System 
Organic Manure (corn) 
Cover Crop (other 
rotations) 
 Tillage  
 Mechanical Cultivation 
 Crop Rotations 
 Living Mulch 
 
 
Legume System 
Organic Legume Cover Crop  Tillage  
 Mechanical Cultivation 
 Crop Rotations 
 Living Mulch 
Conventional 
System 
GMO Fertilizer Herbicides 
Pesticides 
 
 
 
 
42 
 
Table 3.2. Treatments and Application Dates for Three Different Farming Systems 
Date Conventional Plots Organic Plots 
(Manure and Legume) 
April Tillage (on tilled systems) 
Herbicide application 
Plant Oats 
Tillage (on tilled systems) 
Plant Oats 
June Fertilizer application  
August Harvest Oats Harvest Oats 
September Plowing 
Herbicide application 
Plowing 
October Plant Wheat Plant Wheat 
 
3.40 Sample Collection and Analysis 
a. Oats 
Nutrient analysis on the oat samples included vitamin E, thiamin, riboflavin, 
vitamin B6, folic acid, beta-glucans, potassium, calcium, magnesium, phosphorus, iron, 
copper, zinc, selenium, and soluble, digestible and amino acid profile. Research studies 
have shown the importance of these nutrients in oats (Chu, 2013).  
Oats were harvested from the plots on August 14
th
, 2014 with a Massy Ferguson 
research plot combine harvester. This combine harvester, unlike conventional combines, 
allows for samples to be taken in each plot via a valve inside the combine. Once the oats 
were collected from the field, they were cleaned with a winnower, which blows air 
through the sample to remove debris, such as weeds. The oats were then also cleaned 
using a 2 mm screen and then hand sorted to remove any remaining debris. Vitamin and 
antioxidant analysis on oat grains were conducted at the Nutritional Biochemistry 
Laboratory of Drexel University’s Department of Nutrition Sciences and verified by 
Eurofins, a commercial laboratory. Laboratory analyses at Drexel University were 
directed by Dr. Juan Muniz. Marisa Wagner worked directly with Dr. Muniz to learn 
laboratory techniques and process the oat grain samples. 
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Tocopherols Vitamin E, (alpha, beta and gama) 
 A one step extraction of oat samples for the determination of tocopherols was 
employed. 1 gram of ground oat sample was weight in into a 50 ml conical centrifuge 
tube, 20 ml hexane was added and homogenized for 1 min in an IKA T18 Ultra Turrax 
digital homogenizer; sample tubes were placed in a sonicator for 10 min, then centrifuged 
for 10 min at 2,800 RPM. The clear supernatant was quantitatively transferred into a 200 
ml RotoEvaporator flask and carefully evaporated to dryness at 55
o
C and re-dissolved 
with 1 ml with Isooctane and analyzed by HPLC using a Phenomenex, Kinetex 2.6 µm 
F5 100 A, LC Column 150 x 4.6 mm with a mobile phase of 1% Isopropanol in hexane 
and a flow rate of 1 ml/min. 10 µl injection was used and the tocopherol peaks were 
identified with a fluorescence detector with an excitation wavelength of 295 nm and 
emission wavelength of330 nm. The vitamin E content in oat samples was calculated in 
mg/100g of sample. 
 
Water Soluble Vitamins 
 Reagents and Standards 
 Thiamine (B1), Riboflavin (B2), Folic Acid, Pyrodoxine (B6), and Tocopherols 
(alpha, beta, gama were purchased from Sigma Aldrich (St. Louis, MO); HPLC grade 
Acetonitrile, Methanol, Hydrochloric Acid, Acetic Acid and Sodium Acetate were 
purchased from Fisher Scientific; Potassium Ferricyamide (III), and Sodium1-
hexanesulfonate were purchased from Sigma Aldrich (St. Louis, MO). 
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 HPLC Mobile Phase 
 The HPLC mobile phase solution for the water soluble vitamins contained 70% 
20 mM KH2PO4, pH 3.0, plus 0.1% sodium hexanesulfonate, 15% Acetonitrile and 15% 
Methanol. 
 
 Sample Preparation: Acid Hydrolysis 
 1 gram of ground oat sample was placed on a 50 ml conical centrifuged tube, 20 
ml of 0.1 N HCl was added and homogenized for 2-3 mins using IKA T18 Ultra Turrax 
digital homogenizer. The mixture was heated in a water bath at 95
o
C for 30 mins; cooled 
to room temperature and pH adjusted to 4.5-4.8 with 2 M Sodium Acetate, centrifuged 
for 15 min at 2,800 RPM. 1 ml of the clear supernatant was transferred into a 1.5 ml 
Eppendorf tube, centrifuged for 10 mins at 10,000 rcf. The clear supernatant was used for 
the analysis of Riboflavin, Thiamine, Pyrodoxine and Folic acid. 
  
 Riboflavin (B2) 
  High Pressure Liquid Chromatography with a fluorescence detector (Shimadzu 
fluorescence detector, RF-20A). Excitation wavelength of 426 nm and Emission 
Wavelength of 527 nm was used to analyze oat sample extracts for Riboflavin. To 
quantify the Riboflavin in the sample extracts, a standard curve was built using the 
following levels of standard solutions: 0.05, 0.10, 0.2, 0.5, 1.0 and 2.0 µg/ml. The 
working solution of the standard solutions was prepared in 25 mM K2HPO4, pH 8.6 
buffer solution. 
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 Riboflavin analysis in oat sample extracts was performed using a mobile phase 
composed of 60% 20 mM KH2PO4, pH 3.0; 0.1% Sodium hexanesulfonate; 20% 
Acetonitrile and 20% Methanol and a flow rate of 1 ml/min. The fluorescence 
chromatograph was obtained by Shimadzu Lab Solutions software (Shimadzu Scientific 
Instruments, Inc. MD, USA). With the Phenomenex Synergy-Hydro column, the 
Potassium Phosphate buffer solution mobile phase at a flow rate of 1 ml/min, the 
riboflavin peak eluted at 2.49 min.  
 
 Thiamine (B1) 
 Acid hydrolysis extracts of the oat samples were analyzed for thiamine using a 
fluorescence detection system with excitation wavelength of 360 nm and an emission 
wavelength of 425 nm. Sample extracts and the standard solutions of thiamine were first 
converted to their thiochrome esters by derivatizing the solutions with potassium 
ferricyanide. 800 µl of the sample extract and the standard solutions were transferred into 
a 1.5 ml Eppendorf tubes and 240 µl of 1% potassium ferricyanide in a 15% w/v sodium 
hydroxide was added, mixed for 10 seconds and let it stand at room temperature for 60 
seconds and then neutralized by adding 80µl of phosphoric acid, mixed and centrifuged 
for 10 min at 10,000 rcf. A Phenomenex Synergy-Hydro column and a mobile phase 
containing 70% 20mM KH2PO4, pH 3.0, 0.1% Sodium hexanesulfonate, 15% methanol 
and 15% acetonitrile was used at a flow rate of 1 ml/min was used to detect thiamine in 
the sample extracts. A calibration curve of derivatized standard solutions were first 
conducted using a 10 µl injection of working standard solutions of 10, 20, 30, 50 and 100 
µg/ml. Thiamine can be degraded by exposure to light and care must be taken to prevent 
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degradation by using amber color sample vials and by preparing samples extracts and 
standard solutions fresh every day. 
  
 Folic Acid 
 A reversed phase high-pressure liquid chromatography coupled with an electron 
chemical detection was used to quantify folic acid in the acid hydrolysis extracts of oat 
samples. The EC method was found to be very sensitive, with a minimum detection limit 
lower than 50 ng/ml in the sample extracts. The folic acid concentration in the sample 
extracts were measured using a Phenomenex Synergy-Hydro column and a mobile phase 
of 70% 20 mM KH2PO4, pH 3.0; 0.1% Sodium ferricyanide,15% Methanol and 15% 
Acetonitrile and a flow rate of 0.8 ml/min and a voltage of 900 mV. A calibration curve 
was built using standard solutions containing 0.1, 0.2, 0.5 1.0 and 2.0 µg/ml of folic acid 
in 25 mM K2HPO4 pH 8.6 buffer and 10 µl injection. 
 HCl hydrolyzed sample extracts were diluted to 1:500 with 25 mM K2HPO4 pH 
8.6 before injection into the Chromatografic instrument. Using a flow rate of 0.8 ml/min 
the folic acid peak eluted at 2.9 min. The high sensitivity and a lower limit of detection 
allowed us to dilute the samples to 1:500. 
 
Mineral and Protein Analysis 
Ground grain samples were sent to a Cornell University’s laboratory for mineral 
content and protein (crude, soluble, and digestible) analysis (G01 Bradfield Hall, Ithaca, 
NY 14853). Minerals analyzed included Al, As, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, 
Mn, Mo, Na, Ni, P, Pb, S, Se, Sr, Ti, V, Zn, in addition to C and N combustion analysis. 
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Crude protein and amino acid profile analysis were performed at Missouri State 
University (University of Missouri – Columbia, Office of the Missouri State Chemist 
Analytical Services, Rm 4 Agriculture Bldg., 700 Hitt Street, Columbia, MO 65211). 
 
b. Soil  
 Soil was collected via deep soil cores using a Giddings deep-core probe, pictured 
below. The Giddings deep-core metal probe is fitted with a plastic tube (sleeve) for soil 
collection. The probe fitted with the sleeve is inserted one meter into the soil and then 
extracted out of the soil. The first 0-10 centimeters of the meter-long intact soil core was 
sub-sampled for Solvita and soil mineral analysis. 
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Figure 1. Dr. Emmanuel Omondi (left), FST Research Director, and Mr. Rick Carr 
(right), Rodale Institute Compost Production Specialist collect deep core samples at the 
FST using the Gidding’s deep core soil probe, Rodale Institute, 2015. 
Figure 2. One of the intact deep core soil sample from the FST, Rodale Institute, 2015 
 
3.  Soil Analysis 
Soil was analyzed for minerals, pH, soil aggregates, organic matter, and 
biological activity. Soil samples from each plot were split into air-dried and oven dried 
fractions. Oven dried samples were dried at 105
o
C in a Precision oven for three days. A 
100 g sample of the dried soil was passed through a 2 mm screen in order to eliminate 
debris and other particles from the soil, and sent to Cornell University’s soil laboratory 
(G01 Bradfield Hall, Ithaca, NY 14853) for elemental analysis. The soil fertility analyses 
will be Cornell’s 1060 Soil Fertility Test Package #2 [Modified Morgan, Mehlich I, or 
Mehlich III extractable Includes: Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, 
Mn, Mo, Na, Ni, P, Pb, S, Se, Sr, Ti, V, Zn (ICP); pH; buffer pH (Modified Mehlich); 
and organic matter (LOI)].  Additionally, soils samples were also analyzed for total 
carbon and nitrogen. 
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4. Storage Methods 
 Soil was stored in 1 meter plastic tubes in 32°F refrigeration, until the soil cores 
were cut down and air- and oven- dried. Oats were dried in large plant dryers at Rodale 
Institute for 1 month at 90°F. Once dry the oats were transferred into re-sealable plastic 
bags and placed in plastic totes and stored out of direct sunlight at 70°F. Approximately 1 
year after the plant samples were dried and clean, oats were transferred to UV safe bags 
and jars and stored in black plastic totes. This was done to further protect the vitamin 
degradation in the oats from occurring. It had not been standard practice to perform 
vitamin analysis at Rodale Institute prior to this experiment, so the proper storage was not 
taken into consideration after harvest. 
5. Data Analysis 
  To test the null hypothesis that cropping systems and tillage practices did not 
affect nutrient density or soil quality, versus the alternate that there was a difference 
between at least two systems, a one-way analysis of variance (ANOVA) of the oat 
nutrient and soil quality parameters was performed using the mixed model procedure of 
SAS (SAS 9.4, SAS Institute Inc., Cary NC, 2014) at a 5% significance level. Fisher’s 
protected Least Significant Difference, a post hoc procedure, (LSD, α = 0.05) was 
conducted to separate tillage methods within the cropping systems separately by cropping 
systems where significant cropping systems by tillage methods interaction for soil or 
nutrient parameters was noted. Mean soil quality parameters were compared with oat 
nutrient parameters using the Pearson’s Correlation method of SAS (SAS 9.4, SAS 
Institute Inc., Cary NC, 2014) to determine any correlation between them.  
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CHAPTER 4: RESULTS 
Soils 
Soil Minerals 
Statistical analysis of soil mineral data found no significant tillage by cropping 
systems interactions for soil minerals analyzed; thus data was combined for analysis 
(Table 4.1). 
Table 4.1. Mean soil mineral concentrations between cropping systems and tillage 
methods at the Farming Systems Trial, Kutztown, PA, 2014 (LEG = organic legume 
system; MNR = organic manure system; CNV = conventional system; T = tilled; NT = 
no-till) 
Means within a column followed by the same letter are not statistically significant (LSD; α = 0.05) 
Organic manure no-till treatment contained a significantly (P= 0.0048) greater Ca 
concentration compared to all the other treatments except tilled organic manure and tilled 
conventional systems (Table 4.1). Similar statistical differences (P < 0.0001) were 
observed with respect to soil magnesium concentration. In general, organic legume no-till 
treatments tended to have greater zinc (P = 0.093), aluminum (P = 0.024), iron (P = 
0.0012), molybdenum (P = 0.0384), manganese (P = 0.0036), and nickel (P = 0.016) 
concentrations. While not statistically different from organic manure tilled treatment, 
organic manure no-till treatment contained a significantly greater (p = 0.0133) strontium 
concentration compared to the other tillage by cropping treatments. 
Treatment Z Al Ca Fe Mg Mo Mn Ni Sr 
 -------------------------------------------------------mg/kg------------------------------------------------- 
LEGNT 1.11
a
 20.78
a
 1340
c
 2.88
a
 109.1
d
 0.02
a
 19.22
a
 0.11
a
 3.98
bc
 
LEGT 0.65
b
 20.21
ab
 1404
c
 2.60
ab
 118.6
d
 0.02
a
 13.85
b
 0.07
b
 4.00
bc
 
MNRT 1.08
a
 13.00
bc
 1637
ab
 1.95
c
 151.1
ab
 0.02
a
 13.53
b
 0.08
b
 4.43
ab
 
MNRNT 0.97
ab
 11.78
c
 1724
a
 1.84
c
 155.5
a
 0.015
b
 16.20
ab
 0.07
b
 4.72
a
 
CNVNT 0.95
ab
 14.44
bc
 1307
c
 2.19
bc
 135.3
bc
 0.02
a
 18.32
a
 0.09
ab
 3.55
c
 
CNVT 0.78
ab
 16.35
abc
 1433
bc
 2.05
c
 154.00
ab
 0.02
a
 14.02
b
 0.08
b
 3.88
bc
 
P-Value 0.093* 0.024 0.0048 0.0012 <0.0001 0.0384 0.0036 0.016 0.0133 
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 Soil Carbon and Nitrogen 
 Soil health was also determined by the amount of carbon, nitrogen and percent 
organic matter within the soil. There was no significant tillage by cropping system 
interaction for soil carbon, soil nitrogen, or oat carbon (Table 4.2), thus data for these 
nutrients were combined for analysis.  
Table 4.2. Partial analysis of variance (P>F) values for percent soil and oat carbon and 
nitrogen concentration between cropping systems and tillage practices at the Farming 
Systems Trial, Kutztown, PA, 2014.  
Effects df Soil C Soil N Oat C Oat N 
System 2 0.034 0.05 NS 0.0052 
Tillage 1 NS NS NS 0.0487 
Syst*Till 2 NS NS NS <0.0001 
 
Cropping system had a significant effect on soil carbon (P = 0.034) and soil nitrogen (P = 
0.05). In both cases, organic manure systems had significantly greater soil carbon and soil 
nitrogen than conventional systems (Figure 4.3).  
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Figure 4.3. Percent soil carbon and soil nitrogen as affected by the main effects of 
cropping systems, Kutztown, PA, 2014. Means within a bar followed by the same letter 
are not significantly different (LSD; α = 0.05) (%C= % carbon; %N= % nitrogen)
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Soil Organic Matter 
No statistical difference was found in soil organic matter among the 
treatments (P= 0.2544) (Figure 4.4). In general, however, organic treatments tended 
to have greater soil organic matter compared to the conventional systems.  
 
 
 
Figure 4.4. Percent soil organic matter changes as affected by combined tillage 
methods and cropping systems, Kutztown, PA, 2015 (LEG = organic legume system; 
MNR = organic manure system; CNV = conventional system; T = tilled; NT = no-till) 
  
 
Figure 4.5. Solvita data reported as Parts Per Million (PPM) of CO2 and Solvita Scale 
Averages. Data was not found to be significant. Kutztown, PA, 2015 (LEG = organic 
legume system; MNR = organic manure system; CNV = conventional system) 
 
System  PPM CO2 Solvita Average 
LEG  179.08          5.84 
MNR  179.08          5.94 
CONV  179.08          5.80 
 
 
 
 
 
 
 
 
2
2.3
2.6
2.9
3.2
3.5
3.8
4.1
4.4
4.7
5
5.3
CNVNT CNVT LEGNT LEGT MNRNT MNRT
S
o
il
 O
rg
a
n
ic
 M
a
tt
e
r 
(%
) 
Cropping Systems by Tillage 
OM
54 
 
Oats 
 Oat Carbon and Nitrogen 
 
Figure 4.6. Percent oat carbon as affected by the main effects of cropping systems, 
Kutztown, PA, 2014. (%C= % carbon)
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Since organic practices build organic matter in the soil, it was expected that 
organically grown oat seeds would have higher concentrations of carbon. Results 
from this study found a significant (P < 0.0001) tillage by cropping system interaction 
for oat nitrogen (Table 4.1), thus data was analyzed separately by tillage methods and 
cropping systems. Both organic systems had significantly greater oat nitrogen 
compared to the conventional no-till system with the greatest content in the organic 
legume system. However, there was no significant difference between both organic 
legume system and organic manure no-till system for oat nitrogen. Conventional no-
till system had the lowest percent oat nitrogen content (Figure 4.7)  
 
Figure 4.7. Percent oat nitrogen as affected by the combined effects of cropping 
systems and tillage methods, Kutztown, PA, 2014. Means within a bar followed by 
the same letter are not significantly different (LSD; α = 0.05) 
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Oat Protein  
 There was a significant cropping system by tillage method interaction for total 
protein, crude protein and all the amino acids analyzed (Table 4.9), thus data was 
analyzed separately by cropping systems and tillage methods. While both organic 
legume systems did not differ significantly in oat total and crude protein compared to 
the conventional tilled system, both tilled and no-till legume systems had significantly 
greater crude and total oat protein (P < 0.05) compared to both organic manure 
systems and no-till conventional system (Figure 4.8). In addition, both tilled and no-
till organic legume systems had significantly greater amino acids and protein 
parameters (P < 0.001) compared to all the other treatments except conventional tilled 
treatment (Table 4.10).   
 
 
Figure 4.8. Crude and total protein in oat seed as affected by the combined effects of 
cropping systems and tillage methods, Kutztown, PA 2015. Means within a bar 
followed by the same letter are not significantly different (LSD; α = 0.05) 
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Oat Minerals 
 Partial analysis of variance (ANOVA) for oat minerals revealed a significant 
interaction between cropping systems and tillage methods for zinc, sulfur, phosphorous 
and manganese (P < 0.05) (Table 4.11). All the other parameters were not significantly 
different between cropping systems or tillage methods.  
Table 4.11. Mean oat mineral concentrations between cropping systems and tillage 
methods at the Farming Systems Trial, Kutztown, PA, 2014. The table shows highly 
significant (P < 0.05) cropping systems by tillage interactions for select minerals. 
Treatment Zn Fe Ca K P Mg  Mo Cu 
 --------------------------------------------------mg/kg-------------------------------------------- 
MNRT 30.6
a
 39.07
a
 796.5
a
 4206
a
 4083
a
 1242
ab
  0.98
a
 3.59
c
 
CNVT 29.5
a
 39.45
a
 809.1
a
 3783
b
 4018
ab
 1301
a
  0.9
a
 4.1
b
 
MNRNT 28.4
a
 40.86
a
 812.7
a
 3781
b
 3828
b
 1242
b
  0.95
a
 4.9
a
 
LEGNT 27.5
b
 37.86
a
 756.1
a
 3771
b
 3859
ab
 1214
b
  0.32
b
 3.83
b
 
LEGT 23.8
b
 40.93
a
 790.6
a
 3658
b
 3850
ab
 1217
b
  0.53
b
 3.84
b
 
CNVNT 26.0
b
 37.59
a
 770.7
a
 3775
b
 3492
c
 1145
c
  0.87
a
 3.73
b
 
p-Value 0.0169 NS NS 0.1 0.0055 0.006  0.0002 0.13 
 
Means within a column followed by the same letter are not statistically significant (LSD; α = 0.05) 
 
Oat Vitamins 
 Partial analysis of variance (ANOVA) for oat vitamins revealed a significant 
interaction between cropping systems and tillage methods for vitamin B6 (P = 0.10) and a 
significant cropping systems effect for vitamin B1 (Table 4.12).  
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Table 4.12. Partial analysis of variance (P>F) values for vitamin concentration in oat 
seeds between cropping systems and tillage practices at the Farming Systems Trial, 
Kutztown, PA, 2014.  
Effect df Folate Vit B1 Vit B2 E-Alpha E-Beta E-Total Vit B6 
System 2 NS 0.0032 NS NS NS NS 0.0091 
Tillage 1 NS NS NS NS NS NS 0.0059 
System*Tillage 2 NS NS NS NS NS NS 0.102* 
     *Marginally significant (P = 0.10) 
Vitamin B1 (P = 0.0032) was found to be significantly greater in the organic legume 
system compared to the organic manure and conventional systems with no statistical 
difference in vitamin B1 between organic manure and conventional treatments. 
Statistical difference in vitamin B6 was found in conventional and manure no-till 
treatments compared to the manure tilled treatment (Table 4.13).  
 
Table 4.13. Mean vitamin B6 concentrations between cropping systems and tillage 
methods at the Farming Systems Trial, Kutztown, PA, 2014 (LEG = Organic Legume; 
MNR = Organic Manure; CNV = Conventional; T = Tilled; NT = No-Till) 
Treatment 
 
Vitamin B6 
(mg/100g) 
CNVNT 0.227a 
MNRNT 0.211ab 
CNVT 0.203bc 
LEGT 0.196bc 
LEGNT 0.196bc 
MNRNT 0.191c 
Means within a column followed by the same letter are not significantly different (LSD; α = 0.05) 
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CHAPTER 5: DISCUSSION 
 This study was designed to determine if soil agricultural treatments affected the 
nutrient density of oat crops, grown within legume organic, manure organic and 
conventional plots. It was hypothesized that the nutrient density of our food system has 
been on the decline for approximately the past 50 years (Davis, 2009). As one of the 
largest changes in agriculture being how we treat the land with various agricultural 
practices, (i.e. organic versus conventional practices), it became clear that a deeper look 
into this relationship needed to be studied. Overall, this study has concluded that organic 
systems contain more nutrient rich soils and legume organic systems produce oat crops 
with more protein. 
Soils  
 Soil Minerals 
The statistical differences among organic and conventional treatments in Farming 
System Systems’ (FST) soil, shows that organic soil overall has a better mineral quality 
in the soil. In theory, increased mineral content in the soil allows for more bioavailability 
of the minerals to the plant for uptake. Overall, treatments with greater soil organic 
matter, manure organic and legume organic, will contain more soil minerals due to the 
enhanced ability of this layer to retain soil minerals. This layer contains many soil 
minerals due to the degradation of residues on top of the soil, which can include manure 
and cover crop. The breakdown of these residues provides minerals to the soil and are 
retained by the soil organic matter (Brock et al., 2011; NRCS, 2016)  
 Soil minerals were found in the highest concentrations in the legume and manure 
organic treatments’ soil. The legume organic treatments are based upon a leguminous-
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based fertilization method, where leguminous plants such as soybeans (Glycine max) and 
hairy vetch (Vicia villosa) are used to add fertility to the soil, through nitrogen fixation or 
using them as a cover crop. While there is not literature to support all of the minerals 
found significant in this study, both manure and cover crops contain a variety of minerals 
that are incorporated back into the soil. This may account for the higher concentration of 
minerals seen in the organic treatments (Murrell et al. 2014).  
 Calcium (Manure no till (MNRNT) = 1724 mg/ kg, Manure till (MNRT) = 1637 
mg/ kg)(p= 0.0048) and magnesium (MNRNT = 155.5 mg/ kg)(p<0.0001) concentrations 
were found to be significant in the manure organic systems when compared to the legume 
organic system and the conventional no till system. While legume organic systems 
receive fertilization from the legume plants, manure organic systems are based on 
composted manure fertilization; both are forms of mineral input. Edmeades et al. (2003) 
reported that manure fertilized soils have been contained higher concentrations of 
calcium and magnesium in topsoil. Steiner et al. (2007), found similar results, that 
calcium and magnesium were significantly enhanced by soils treated with manure. The 
increase of soil calcium and magnesium is due to the mineral inputs through plant residue 
and manure in these systems (Edmeades et al., 2003; Steiner et al., 2007). 
 
 Soil Carbon and Nitrogen 
 The amount of carbon in the soil is a key indicator of soil health. The results of 
this study indicated that organic treatments, particularly manure organic, contained the 
greatest amount of soil carbon. Higher statistical significance of percent carbon was 
found in the manure and legume organic systems (P = 0.034). According to the literature, 
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it was expected that soil organic carbon would be found at higher levels in the organic 
systems in comparison to the conventional system.  
 Soil organic carbon was observed to be the highest in concentration in manure 
(2.82%C) and legume (2.63%C) organic soils. In a study performed by He et al. (2015), 
manure fertilization methods increased soil organic carbon the most in comparison to a 
nitrogen, phosphorous, and potassium based fertilizer and nitrogen, phosphorous, and 
potassium based fertilizer with straw. Manure contains a large source of carbon, while 
more conventional fertilizers contain mostly nitrogen instead of carbon. The differences 
in carbon input into the farming system explain why manure based treatments contain the 
greatest percentage of soil carbon. In the organic legume system plant residues from 
cover crops account for the carbon input into the system. As observed in Table 4.3, the 
soil in the organic legume system contains more carbon then the conventional system. 
Mazzononcini et al. (2011) found that the observed soil organic carbon (SOC) in legume-
based fertilization were correlated to carbon input of the system, whereas carbon was 
returned to the soil as crop residues, aboveground cover crop biomass and weeds. 
 In the present study, the organic systems contained the greatest amount of 
nitrogen in the soil (manure = 0.371 % N; legume = 0.354 % N; conventional = 0.325 
%N). These values are of statistical significance (P <0.05), Figure 4.3. depicts an upward 
trend of percent nitrogen concentrations in the soils, with conventional soils containing 
the lowest concentration of percent nitrogen. It was expected that the conventional 
system would contain the lowest amount of nitrogen in the soil. O’Dea et al. (2015) 
found that adding legumes to the rotational crop sequence of a farming system increased 
potentially mineralized nitrogen values in the soil, while the addition of nitrogen through 
64 
 
nitrogen fertilization in a conventional system was found to depress carbon and nitrogen 
mineralization. In the present study, the legume organic system did not contain the 
highest levels of nitrogen. As indicated in Figures 4.7 and 4.8, that the organic oats 
contained the highest percentage of nitrogen and protein content, which suggests the 
legume organic system efficiently utilized the nitrogen in the soil to produce the nitrogen 
contain compounds within the plant.  
 From the data seen in Figure 4.3, the organic manure treatments contained the 
highest percentage of nitrogen in the soil. He et al. (2015) also found that manure 
treatments not only increased carbon in the soil, but nitrogen as well. Nitrogen in manure 
fertilized soils increases due to the input of nitrogen from the manure. Additionally 
manure-fertilized soils are found to contain a greater percentage of carbon due to the 
increased organic carbon input, which is thought to result in a accumulation of soil 
organic carbon (SOC) and total nitrogen in the soil (He et al., 2015) 
 
Soil Organic Matter 
 Although no statistically significant differences were found in among the three 
treatments in soil organic matter (P= 0.2544), the legume and manure organic systems 
were higher in soil organic matter (Table 4.4.). According to Fließbach et al. (2007) that 
soil organic matter is positively affected by organic soil management practices, 
specifically manure based soil amendments. Soil organic matter is a source of plant 
nutrition. In conventional farming a large majority of the plant nutrition can be 
substituted with synthetic fertilizers. In organic farming legume and manure can be a 
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source of soil organic matter. Soils with higher soil organic matter are valuable both 
ecologically and nutritionally (Brock et al., 2011). 
 
Solvita 
 Solvita Lab CO2- Burst tests for soil health through measuring CO2 respiration, 
which is proportional to microbial biomass in the soil and directly tied to potential carbon 
and nitrogen mineralization (Solvita, 2016). The results of this analysis were not found to 
be of significance in this study due to the ppm CO2 being the same in every treatment and 
the Solvita color readings were similar as well (Figure 4.5.). Plant growth occurs in the 
environment provided by the soil in which the plant is grown. Plants take part in building 
and sustaining soils by releasing exudates and leaving behind residues. This cycle is best 
described as the soil-biology system. Within this system, humus (the organic component 
of the soil) is formed and CO2 is released due to microbial activity (Solvita, 2016). 
Decreases in CO2 respiration rates are associated with intensive tillage, soil compaction 
and over fertilization of the soil. Solvita analysis is used to measure the rate and quantity 
of CO2 released over a specific time and was chosen to be an indicator of soil health. CO2 
turnover was thought to improve with agricultural practices that promote soil health such 
as cover cropping and reduced tillage methods, which help to build residual organic 
matter through the accumulation of stable residues and an increase in soil humus (Solvita, 
2016).  
 According to the Solvita manual from Woods End Laboratories (Solvita, 2011), 
Solvita color numbers greater than 5, which numbers correspond to a visual estimate of 
the Solvita reading, correspond to high levels of nitrogen (75-105 kg/ha/year). This may 
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be a sufficient amount of nitrogen for soils without additional added nitrogen fertilizer. 
CO2 Burst numbers of 160 ppm CO2 or greater equate to soil that is well supplied with 
organic matter or with a Microbial Biomass Carbon of, 3,500 ppm (Solvita, 2011). 
Overall, the results of the soil analysis in this study suggested that averages of the Solvita 
color reading and the ppm of CO2 exceeded these values. The values of this study, while 
not statistically significantly different, suggest an overall good soil health of the plots 
within the Farming Systems Trial (FST). 
Oats 
 Oat Carbon and Nitrogen 
 As previously described, the organic manure and legume treatments in this study 
were found to contain more carbon and nitrogen in the soil. The literature supported these 
findings since legume- and manure- based fertilization increase the amount of carbon and 
nitrogen input into the soil, through the application of manure and the addition of plant 
residues to the soil through cover crops (O’Dea et al. 2015; Mazzoncini et al., 2011; He 
et al., 2015). With higher concentrations of carbon and nitrogen in the soil, it is expected 
that the oats would follow the same trends. The % C in the oats was not found to be 
significant, since differences in % C were minute between the treatments, Figure 4. 
shows that the legume organic treatments contain the highest %C among the treatments. 
The manure organic oats contained the greatest concentration of percent carbon (45.639 
%C), while the conventional oats contained (45.553 %C) more carbon then legume 
organic oats (45.505 % C). The difference between the % carbon in these two treatments 
is insignificant. 
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 Unlike % C in the oats, % N was found to have statistical significance (P < 
0.0001) (Figure 4.7), the legume oats contained the greatest amount of nitrogen within 
their tissues. Organic oats contained 1.876 %N, which was the highest percent nitrogen 
out of all three treatments. When compared to the nitrogen in the soil, the legume organic 
does not contain the most nitrogen in the soil (0.354 % N); rather manure organic 
contains the most nitrogen in the soil (0.371 % N). From this information, it would be 
thought that the legume organic utilizes the nitrogen most efficiently. In comparison to 
the conventional treatment, it is estimated that only 30 to 50% of nitrogen fertilizer is 
actually utilized by plants in current fertilizer concentrations (Tilman, 2002). These 
inefficiencies in the uptake of nitrogen by the oats fertilized through conventional 
practices corroborate the results of the % N found in conventional oats (1.605 %N).  
 
 Oat Protein 
 Protein concentration (including total protein, crude protein and amino acids) was 
found to be the highest in oats grown in legume organic till and no-till treatments 
(LEGT= 11.1175 g/ 100g crude protein, 10.065 g/ 100g total protein; LEGNT= 11.095 g/ 
100g cure protein, 9.965 g/ 100g total protein) (P < 0.05) (Figure 4.8). In the legume 
organic treatments, leguminous plants such as soybeans and hairy vetch are used as the 
source of fertilization. These plants fix inorganic sources of nitrogen through the 
mychorrizae. Plants such as hairy vetch are used as a cover crop, they are rolled and 
crimped at the base of their stems and used as a green manure. After being rolled and 
crimped these plants slowly break down and release their nitrogen, free amino acids, 
vitamins, and minerals back into the soil to be absorbed by the next plants in the rotation 
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cycle. This nitrogen fixation and release of amino acids back into the soil by degrading 
plant material is thought to be why legume organic has the highest concentration of 
protein and amino acids.  
 According to Weigelt et al. (2004), soil nitrogen can come from the nitrogen 
fixation of inorganic nitrogen, organic nitrogen fertilizers or from dissolved organic 
nitrogen in the form of amino acids. Weigelt et al. (2004), conducted experiments with 
several grass species, and found that all five of the grass species studied were able to 
directly take up a diversity of soil amino acids. While Worthington et al. (2001) reported 
that total protein was of lower concentration in organically grown crops in comparison to 
their conventional counterparts, organic crops have been found to have a more complete 
amino acid profile (2001). While this thesis study found that the oats did have a more 
complete amino acid profile, the oats also had a greater concentration of protein as well. 
Worthington et al. (2001) does not account for a legume based fertilization method and 
also does not account for the nitrogen fixation and release of free amino acids back into 
the soil, since it was prior to Weigelt’s publication (2004; Woese et al. 1997). Schobert et 
al. (1988) also found that plants absorb free amino acids from the soil. The source of the 
free amino acids is a result of soil organic matter, which plant residues can be a source of 
(i.e. remaining plant matter from cover crops that are rolled and crimped).  
  
 Oat Minerals 
 Zinc, phosphorus, magnesium, and molybdenum were minerals within the oats 
that had higher statistical significance (P < 0.05) (Figure 4.11). Manure organic till (30.6 
mg/ kg) and no-till (28.4 mg/ kg), and conventional till (29.5 mg/ kg) oats contained the 
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highest concentration of zinc out of all of the treatments analyzed. Manure organic till 
oats contained the greatest concentration of phosphorous (4083 mg/ kg); while 
molybdenum was found to be in highest concentration in manure organic till (0.98 mg/ 
kg) and no-till (0.95 mg/ kg) oats, conventional till (0.90 mg/ kg) and no-till (0.87 mg/ 
kg) oats (P < 0.05).  
 The uptake of plant minerals and how they are utilized by plants can differ based 
the pH of the soil, soil microbes, organic matter. Thus, the mineral content of the soil 
does not have a direct correlation to the minerals the plant contains (Bollen, 1959; Zu, 
2014; Njira, 2015). With greater mineral content in soil of the organic systems in the 
present study, it was expected more minerals would be bioavailable to the oats. Few 
studies have determined how mineral content differs between organic and conventional 
agriculture. Worthington et al. (2001), found that only iron, magnesium, and phosphorous 
differed between organically and conventionally grown crops, which were found to be of 
higher concentration in the organic food crops. Worthington et al., reviewed 41 studies, 
which included the comparison of organically and conventionally grown fruits, 
vegetables and grains. The minerals concentrations presented in Worthington’s review 
study support the findings for magnesium and phosphorous found in this study. The 
results of the minerals from the present study could differ with the other minerals found 
to be significant in Worthington et al.’s review because it was broader in focus (i.e. fruit, 
vegetables and grain, rather than just focusing on one food crop, oats). The minerals 
found to be of significance in this study, such as zinc, phosphorous, magnesium, and 
molybdenum are not of the same concentrations in other plants, explaining the 
differences amongst the findings (US Department of Agriculture, 2012).  
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 Oat Vitamins 
 While not every vitamin was significant statistically, vitamin B1 (p= 0.0175) for 
legume organic and B6 (p= 0.0032) for conventional were found significant 
Vitamin B1 (p= 0.0175) was found to be significant in legume till and no-till treatments 
(LEGNT= 0.50050 mg / 100 g; LEGT 0.49950 mg / 100 g) in comparison to manure till 
and no-till treatments (MNRNT= 0.43600 mg / 100 g; MNRT= 0.42875 mg / 100 g) and 
the conventional no-till treatment (CNVNT= .40025 mg / 100 g) (Table 4.12). Vitamin 
B6 (p= 0.0032) was found to be significant in conventional no-till treatment and manure 
no-till treatment (CNVNT= 0.22725 mg / 100 g; MNRNT= .21075) in comparison to 
manure till treatment (MNRT= 0.19075 mg / 100 g). Not much literature was available 
on how vitamins B1 and B6 were affected by farming treatments. What was found in the 
literature was that both of these vitamins have amino acids as their precursors. The 
legume organic treatments contain the greatest concentration of total, crude protein and 
amino acids, which could indicate why it has statistical significance for vitamin B1. 
According to Miret et al. inorganic nitrogen fertilization is known to increase the 
concentrations of vitamin B1 in field assays (Miret et al.2014; Mozafar, 1993). These 
findings are consistent with the legume organic treatment since leguminous plants fix N2, 
or inorganic nitrogen, from the atmosphere to a usable form for the plant. Only a few 
studies have analyzed the effects of fertilization on vitamins, but some evidence has been 
found that fertilization can increase of B1. This occurrence was observed when the uses 
of some organic fertilizers (manure, sewage sludges) that often contain high 
concentrations of vitamins that plants are able to uptake (Miret et al. 2014; Mozafar 
1994; Bito et al. 2013). While manure organic treatments were not found to be 
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significant, it is possible that vitamins could be left behind from the plant residues when 
the leguminous plants slowly degrade when they are used as green mulch or when the 
plants are tilled back into the soil. Another study indicates that there are no major 
differences on any vitamin content under different fertilizer dosages in both natural and 
agricultural environments (Miret et al. 2014; Brandt et al. 2011). Which could explain 
why only two of the vitamins were found to be significant. Currently only 24 of the 72 
samples have been analyzed for vitamin analysis. As the sample size increases from 24 to 
72, the statistical significance could change. Another variable that should be considered is 
that the oat samples were harvested in the fall of 2014 and were analyzed in the spring of 
2016. The extended period of storage before analysis could have decreased the vitamin 
content of the oats, while all 72 samples were exposed to the same conditions and should 
have had vitamin degradation at the same rate, it is unknown how much this could affect 
the statistical differences. 
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Chapter 6: Limitations and Strengths 
 The main limitations in this study included storage and processing time. Prior to 
this study, Rodale Institute had not analyzed its plant samples for vitamin analysis, so it 
was not thought to store the samples in a temperature controlled environment free from 
UV exposure. The scope of work for this study and funding were acquired after the 
samples were collected for a larger study that examined the yield of the plants in the 
Farming System’s Trial. Although the samples could have had some degree of vitamin 
degradation, they were all stored in the same conditions together. Due to this limitation, 
the nutrient concentration of these samples cannot be accurately compared to national 
averages. Additionally, due to the time constraints associated with this project, not all of 
the planned analyses were able to be completed. This included analysis for the beta-
glucans, as the items to perform the analysis were backordered. 
 The strengths of this study are that this study had previously been established for 
the last 35- years. In comparison to other studies, this is a longer period of time in which 
changes in the soil to occur. Additionally, 35- years of data have shown other differences 
amongst the plots, which aided the hypothesis that differences would be found in this 
study as well. Another strength of this study refers to its’ comprehensive nature. Other 
studies, generally limit analysis to select nutrients or select soil parameters. The present 
study included comparison of the protein, vitamin, and mineral content of the plant 
studied (oats), as well as an analysis of the carbon and nitrogen and mineral concentration 
of the soil from which the oats were grown in. 
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Chapter 7: Conclusion and Future Directions 
 Overall, the findings of this study suggested that organic farming treatments 
contained healthier soil and more nutrient dense oats (i.e. greater % C and % N, soil 
organic matter, soil minerals, oat minerals and oat protein) due to organic soil 
management practices. However, due to study limitations, these relationships investigated 
in this study should be addressed in future research. An additional 48 samples will be 
analyzed and the additional analysis may provide further insight to help explain the 
different effects of agricultural treatments on plant nutrient density and soil health.  
 Additional funding has been obtained to determine if pesticides affect the nutrient 
content of plants, specifically in oats. In the future, the data from this project will be 
applied to other projects at Rodale Institute, specifically the Vegetable System’s Trial 
(VST), which is similar to the Farming System’s Trial (FST). The Vegetable System’s 
Trial and other nutrient projects at the Rodale Institute will be centered on foods that are 
commonly consumed in the U.S. diet moving forward. With the potential of these future 
projects, a more complete picture will be able to be obtained of how nutrients are affected 
by an organic or conventional agriculture system. 
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Appendix A 
Vitamin Analysis in Oat Samples 
 
Reagents and Standards: 
 Thiamine (B1), Riboflavin (B2), Folic Acid, Pyrodoxine (B6), and Tocopherols 
(Alpha, beta, gama were purchased from Sigma Aldrich (St. Louis, MO); HPLC grade 
Acetonitrile, Methanol, Hydrochloric Acid, Acetic Acid and Sodium Acetate were 
purchased from Fisher Scientific; Potassium Ferricyamide (III), and Sodium1-
hexanesulfonate were purchased from Sigma Aldrich (St. Louis, MO) 
 
 HPLC: 
BSA Bioanalytical Systems Liquid Chromatography Solvent Delivery System PM 80 
(BSA, West Lafayette, IN, USA) 
UV-Vis Detector Shimadzu SPD-20A; RF-20A Fluorescence detector and SIL-20AC-HT 
auto sampler (Shimadzu Corporation, Tokyo, Japan) 
BSA ECD detector (BSA, West Lafayette, IN, USA) 
 
Analytical Column:  
 Phenomenex Synergy Hydro-RP 80 A, 150 x 4.6 mm 
 
HPLC Mobile Phase: 
 The HPLC mobile phase solution for the water soluble vitamins contained 70% 
20 mM KH2PO4, pH 3.0, plus 0.1% sodium hexanesulfonate, 15% Acetonitrile and 15% 
Methanol. 
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Sample Preparation: Acid Hydrolysis 
 1 gram of ground oat sample was placed on a 50 ml conical centrifuged tube, 20 
ml of 0.1 N HCl was added and homogenized for 2-3 mins using IKA T18 Ultra Turrax 
digital homogenizer. The mixture was heated in a water bath at 95
o
C for 30 mins; cooled 
to room temperature and pH adjusted to 4.5-4.8 with 2 M Sodium Acetate, centrifuged 
for 15 min at 2,800 RPM. 1 ml of the clear supernatant was transferred into a 1.5 ml 
Eppendorf tube, centrifuged for 10 mins at 10,000 rcf. The clear supernatant was used for 
the analysis of Riboflavin, Thiamine, Pyrodoxine and Folic acid. 
 
Riboflavin (B2): 
  High Pressure Liquid Chromatography with a fluorescence detector (Shimadzu 
fluorescence detector, RF-20A). Excitation wavelength of 426 nm and Emission 
Wavelength of 527 nm was used to analyze oat sample extracts for Riboflavin. To 
quantify the Riboflavin in the sample extracts, a standard curve was built using the 
following levels of standard solutions: 0.05, 0.10, 0.2, 0.5, 1.0 and 2.0 µg/ml. The 
working solution of the standard solutions was prepared in 25 mM K2HPO4, pH 8.6 
buffer solution. 
 Riboflavin analysis in oat sample extracts was performed using a mobile phase 
composed of 60% 20 mM KH2PO4, pH 3.0; 0.1% Sodium hexanesulfonate; 20% 
Acetonitrile and 20% Methanol and a flow rate of 1 ml/min. The fluorescence 
chromatograph was obtained by Shimadzu Lab Solutions software (Shimadzu Scientific 
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Instruments, Inc. MD, USA). With the Phenomenex Synergy-Hydro column, the 
Potassium Phosphate buffer solution mobile phase at a flow rate of 1 ml/min, the 
riboflavin peak eluted at 2.49 min.  
 
Thiamine (B1): 
 Acid hydrolysis extracts of the oat samples were analyzed for thiamine using a 
fluorescence detection system with excitation wavelength of 360 nm and an emission 
wavelength of 425 nm. Sample extracts and the standard solutions of thiamine were first 
converted to their thiochrome esters by derivatizing the solutions with potassium 
ferricyanide. 800 µl of the sample extract and the standard solutions were transferred into 
a 1.5 ml Eppendorf tubes and 240 µl of 1% potassium ferricyanide in a 15% w/v sodium 
hydroxide was added, mixed for 10 seconds and let it stand at room temperature for 60 
seconds and then neutralized by adding 80µl of phosphoric acid, mixed and centrifuged 
for 10 min at 10,000 rcf. A Phenomenex Synergy-Hydro column and a mobile phase 
containing 70% 20mM KH2PO4, pH 3.0, 0.1% Sodium hexanesulfonate, 15% methanol 
and 15% acetonitrile was used at a flow rate of 1 ml/min was used to detect thiamine in 
the sample extracts. A calibration curve of derivatized standard solutions were first 
conducted using a 10 µl injection of working standard solutions of 10, 20, 30, 50 and 100 
µg/ml.  
Thiamine can be degraded by exposure to light and care must be taken to prevent 
degradation by using amber color sample vials and by preparing samples extracts and 
standard solutions fresh every day. 
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Folic Acid: 
 A reversed phase high-pressure liquid chromatography coupled with an electron 
chemical detection was used to quantify folic acid in the acid hydrolysis extracts of oat 
samples. The EC method was found to be very sensitive, with a minimum detection limit 
lower than 50 ng/ml in the sample extracts. The folic acid concentration in the sample 
extracts were measured using a Phenomenex Synergy-Hydro column and a mobile phase 
of 70% 20 mM KH2PO4, pH 3.0; 0.1% Sodium ferricyanide,15% Methanol and 15% 
Acetonitrile and a flow rate of 0.8 ml/min and a voltage of 900 mV. 
 A calibration curve was built using standard solutions containing 0.1, 0.2, 0.5 1.0 
and 2.0 µg/ml of folic acid in 25 mM K2HPO4 pH 8.6 buffer and 10 µl injection. 
HCl hydrolyzed sample extracts were diluted to 1:500 with 25 mM K2HPO4 pH 8.6 
before injection into the Chromatografic instrument. Using a flow rate of 0.8 ml/min the 
folic acid peak eluted at 2.9 min. The high sensitivity and a lower limit of detection 
allowed us to dilute the samples to 1:500. 
 
Tocopherols, Vitamin E (alpha, beta and gama): 
 A one step extraction of oat samples for the determination of tocopherols was 
employed. 1 gram of ground oat sample was weight in into a 50 ml conical centrifuge 
tube, 20 ml hexane was added and homogenized for 1 min in an IKA T18 Ultra Turrax 
digital homogenizer; sample tubes were placed in a sonicator for 10 min, then centrifuged 
for 10 min at 2,800 RPM. The clear supernatant was quantitatively transferred into a 200 
ml RotoEvaporator flask and carefully evaporated to dryness at 55
o
C and re-dissolved 
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with 1 ml with Isooctane and analyzed by HPLC using a Phenomenex, Kinetex 2.6 µm 
F5 100 A, LC Column 150 x 4.6 mm with a mobile phase of 1% Isopropanol in hexane 
and a flow rate of 1 ml/min. 10 µl injection was used and the tocopherol peaks were 
identified with a fluorescence detector with an excitation wavelength of 295 nm and 
emission wavelength of330 nm. The vitamin E content in oat samples were calculated in 
mg/100g of sample. 
 
Juan F. Muniz, PhD 
Drexel University 
Nutrition Sciences Department 
3711 Market Street, Suite 750 
Philadelphia, PA 19104 
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Appendix B 
Hot Plate Assisted Acid Digestion of Plant 
 
Cornell Nutrient Analysis Laboratory 
 
1.0  SCOPE AND APPLICATION 
1.1  This method is applicable to the hot plate assisted acid digestion of  the Plant 
Tissue for the following elements:  
 
Aluminum    Antimony     Arsenic     Barium Beryllium    
Boron       Cadmium      Calcium      Chromium       Cobalt       
Copper      Iron          Lead          Magnesium     Manganese     
Molybdenum Nickel       Phosphorus    Potassium    Selenium 
Sodium Strontium Thallium Titanium Vanadium 
Zinc     
 
    
     
     
  
1.2  This method is based upon EPA Methods 3050, 3051, 3052. Digests produced by 
the EPA Method 6010B are suitable for analysis of inductively coupled plasma-
atomic emission spectroscopy (ICP-AES). 
 
2.0  SUMMARY OF METHOD 
2.1  A representative sample of up to 0.5 g is digested in 4ml of mix (60% of 
concentrated nitric acid and 40% of per-choric acid) and an extra 1ml per-choric 
acid. Avoid a sample in a vessel to be completely dry.  
            The sample and acid are placed in a fluorocarbon (TFM) vessel. The open vessel 
is heated in the hot plate unit. After cooling, allow the vessel contents to settle, 
and then dilute to 20ml volume and analyze the appropriate SW-846 method (Ref. 
1). 
 
3.0  INTERFERENCES 
3.1  The complete decomposition of either carbonates or carbon based samples. When 
the solution is not colorless add a 1ml nitric acid until the solution becomes 
colorless.    
4.0  APPARATUS AND MATERIALS 
4.1  Hot Plate with a control temperature ( Questron Technologies Corp., Canada) 
4.1.1  The fluorocarbon (TFM) digestion vessels (100 mL capacity)  
. 
 
CAUTION: Temperature is the important variable controlling the reaction.  
 
4.2  Volumetric graduated cylinder, 50 mL capacity.  
4.3  Bottle -top Dispensers. 
4.4  Analytical balance, 300 g capacity, and minimum ±0.01 g. 
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5.0  REAGENTS 
5.1  Concentrated nitric acid, HNO3.  ”BEAKER INSTRA -ANALYZED” CAS#: 
769-37-2. If the method is blank, use the acid.  
5.2       Per-choric acid, HClO4, “BEAKER INSTRA -ANALYZED” CAS#: 10450-60-9. 
5.3  Reagent Water (DDI). 
 
6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
6.1  All samples must be collected using a sampling plan that is addressed in CNAL 
Procedure #1930. 
6.2  All sample containers must be prewashed with acids and water. Plastic and glass 
containers are both suitable. See in Appendix, Dishwashing Protocol for 
Analytical Lab. 
6.3  Samples must be refrigerated upon receipt and analyzed as soon as possible.  
 
7.0  PROCEDURE 
7.1  All digestion vessels and volumetric ware must be washed by CNAL Procedure 
#3010  
7.2  Sample Digestion  
7.2.1  Weigh a well-mixed sample to the nearest 0.001 g into the fluorocarbon sample 
vessel equipped for plant, while using no more than 0.500 g.  
7.2.2  Add 4 ± 0.1 mL of mix (60% of  concentrated nitric acid  and 40% of per-choric 
acid)  into a vessel with a sample in a fume hood . 
 7.2.3   Add an extra 1ml per-choric acid avoid completely dryness. 
   
 
CAUTION: Toxic nitrogen oxide fumes may be evolved; therefore, all work must be 
performed in a properly operating ventilation system. The analyst should 
also be aware of the potential for a vigorous reaction. If a vigorous reaction 
occurs, allow a vessel to cool off before take out the vessel. 
CAUTION: All samples known or suspected of containing more than 5-10% organic 
materials should be predigested in a hood for at least 15 minutes. 
 
7.2.3  The temperature of the hot place should rise to 120 deg C in 30 minutes and 
remain such for the next 60 min. Then, the temperature of the hot place 
should rise  to 180 deg C in 20 min and remain such for another 10 min.  
7.2.4.  At the end of the program, check a solution’s color. It should be clean, if the 
solution is a dark color add 0.5 ml concentration HNO3 and put a vessel back in a 
hot place to cook.  Allow the vessel to cool off for a minimum of one hour before 
removing it from the hot plate. When the vessel has cooled off to  room 
temperature transfer  sample into a volumetric graduated cylinder with DDI water 
and dilute till 25 ml.    
7.2.5  Settling: Allow the sample to stand until the supernatant is clear. Allowing a 
sample to stand overnight will usually accomplish this.  
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7.2.6  Dilute the digest to a known volume ensuring that the samples and standards are 
matrix matched. The digest is now ready for the analysis of elements of interest 
using the appropriate EPA6010B 
7.3  Calculations: The determined concentrations are reported on the basis of the 
actual weight of the original sample. 
 
8.0  QUALITY CONTROL 
8.1  All quality control data must be maintained and available for references or 
inspections for a period of three years. This method is restricted to use by, or 
under supervision of, experienced analysts. Refer to the appropriate section of the 
CNAL Quality Manual for additional quality control guidance.  
8.2  Duplicate samples should be processed on a routine basis. A duplicate sample is a 
sample brought through the whole sample preparation and analytical process. A 
duplicate sample should be processed with each analytical batch or every 20 
samples, whichever is the greater number. A duplicate sample should be prepared 
for each matrix type (i.e., plant, etc.).  
8.3  Spiked samples or standard reference materials should be included with each 
group of samples processed or every 20 samples, whichever is the greater number. 
A spiked sample should also be included whenever a new sample matrix is being 
analyzed.  
 
9.0  REFERENCES 
1.  Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 3rd ed; 
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response. U.S. Government Printing Office: Washington, DC, 1986; SW-846.    
2. 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for 
Reagent Water ; ASTM, Philadelphia, PA, 1985, D1193-77.  
3.  Kingston, H. M. EPA IAG #DWI-393254-01-0 January 1-March 31, 1988, 
quarterly Report.  
4.         Optical transfer device for axially viewed ICP spectrometers, (2000) US Patent 
No,122050. 
5        Spray Chamber and Desolvation System (2005) US Patent No. 6859272. 
6.         Rutzke, Michael A. (1999) An Optical Interface Was Developed To Reduce The 
Matrix       
           Effects Observed In An Axially Viewed ICP-OES. Presented at Pittsburgh 
Conference         (1999) Orlando Florida. Abstract No. 038 
7.      Rutzke, Michael A. (1997) An Optical Interface That Can Optically Section An 
Axially Viewed Plasma. Presented at The 24
th
 Annual Conference of the Federation 
of Analytical Chemistry and Spectroscopy Societies, Providence, Rhode Island , 
abstract No.664. 
8.    Rutzke, M.A. (2002) An Optical Transfer Interface System For An Axially Viewed 
Plasma Improves Analysis Of Biological Samples, Ph.D. Dissertation, Cornell 
University Libraries, January 2002. 
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Appendix C 
Determination of Carbon and Nitrogen in plant samples using Gas 
Chromatography: 
 
Cornell Nutrient Analysis Laboratory 
1.  Scope and Application 
 
1.1   This method provides the quantitative determination of the nitrogen and   carbon 
content in tissue samples. 
 
.  
 
2.  Summary of the Method 
  
2.1 Once tissue samples are properly ground and sieved ,the tissue samples are 
weighed between 3mg and 5mg. It is then combusted at 1800°C and the sulfur 
compounds are scrubbed out. The Cu as a reducing agent pulls off O2 and reduces 
the sample to elemental N, CO2 and H2O. helium works as the carrier gas 
throughout the instrument which at this point takes these compounds through a 
water trap removing the water vapor and caring the N2 and CO2 into a 
chromatography column for separation. 
 
 
3. Apparatus and Equipment 
 
3.1 NC 2100 Analyzer. 
3.2 Tanks of compressed Air, He, Scientific O2. 
3.3        Mettler Electronic microbalance AT21 Comparator. 
3.4        Tin capsules. 
3.5         Spatula , stainless steel Tweezers. 
3.6         Computer, printer, eager 200 for Windows. 
 
 
4. Catalysts/ Reagents/ Standards 
 
4.1 Atropine (supplied by Elemental microanalysis Ltd.) is used as the calibration 
standard for daily factor computation to adjust changing ambient conditions. 
 
4.1.1 Atropine is used to develop the standard curve and as the QC run 
every 15 samples as an “unknown”. 
  
 
4.2 Blank 
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4.2.1 The blank is an empty tin cup squeezed into a ball shape with 
tweezers and is included after two bypasses but before the standard 
curve. 
 
  
4.3 An NBS Apple sample check stored in a desiccator is used as sample 
 control beginning the first set of 15 samples for analysis.  
4.4 Chromium Oxide  
4.5   Magnesium Perchlorate Anhydrous Granules. 
4.6 Quartz Wool 
4.7 Reduced Copper Wires 
4.8  Cobaltous –Cobaltic Oxide.             
 
 
5. Procedure 
5.1 The C/N is turned off standby  and allowed to warm up to temperature for 1.5hrs. 
        Calibrate the instrument following manufacturer’s procedures. Daily calibration 
procedures must be performed and evaluated before sample analysis begins. 
 
5.2     Run through two Bypass samples which are to be representative of the 
samples being analyzed, a blank ,and then calibrate the instrument by running 
Atropine standards from 0.5mg-4.0 mg in weight.    
5.3   Print chromatographs for each ,two calibration curves and run through an 
atropine and a NBS as unknowns. If all standards and control samples are 
satisfactory, sample analysis can being. 
5.4 The first reel of previously weighed samples is set onto the auto- sampler. 
 
5.5  Summarize analyzed data and save onto 2 floppy disks and print hard copis. 
Store one hard copy in the assigned instrument folder.  
 
6. Quality Control  
 
6.1 Each set of samples contains a blank, and cheek NBS Apple, and a check 
Atropine as a quality control after every 15 samples The N and C readings 
for these samples must fall within 10% of the given C of 70.56% and 
4.84%. 
 
6.2 Observe various instrument operating steps as recommended by CE 
Elantech Operating manual by ThermoQuest Ithalia. 
 
 
 
 
7. Safety / Hazardous Waste Management  
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7.1 Refer to MSDS notebook for information about chemicals used in this 
analysis. 
 
7.2 Use heat resistant gloves while changing combustion and reaction 
columns.  
 
7.3 Keep O2  tank separated from any spark inducing lab equipment.  
 
8. Maintenance.          
 
8.1 Observe routine maintenance as recommended by instrument 
manufacturer and enter dates of all maintenance/sample log book.    
9. References  
 
 9.1  Elemental Microanalysis Limited Certificate of Analysis for Atropine. 
 9.2  CE  Elantech Instruction manual for the NC 2100Analyzer written 
 by  ThermoQuest Italia S.p.A, Strada Rivoltana,20090Rodano-milan, 
Italy July10,1996,october27,1997 (5
th
 revision). 
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Appendix D 
Amino Acid Profile 
AOAC 988.12, AOAC 988.15 & AOAC 985.28 
The analysis of Amino Acids is based on the traditional method of sample hydrolysis and 
the analysis of the individual amino acids using HPLC (High Performance Liquid 
Chromatography) with Post Column Derivatization. The method is based off of AOAC 
994.12. To determine the total amino acids, three (3) methods are required, including the 
994.12 (acid hydrolysis), but in addition, analyses of tryptophan requires base hydrolysis 
(AOAC 988.15), and the sulfur-containing amino acids (methionine and cystine) require 
a pre-oxidation step (Modified AOAC 
985.28). 
The process of sample preparation requires use of a relatively small amount of sample, 
generally less than 0.50 grams, thus the sample used for analyses must be well ground 
and representative of the submitted sample. A small amount of a non-homogenous 
sample will alter the final results. To hydrolyze the sample, the sample is placed in a 
container with acid and then the acid heated for twenty-four (24) hours to break down the 
protein into the constituent amino acids. A second sample is required for analysis of 
tryptophan, but instead of using an acid to break down (hydrolyze) the protein, a base 
(alkalai) is used. The preparation of methionine and cysteine requires a pre-oxidation step 
that needs a twenty-four (24) hour process and then the acid hydrolysis step, so the 
minimum time of sample preparation for methionine and cysteine is forty-eight (48) 
hours. 
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After the samples are hydrolyzed, the extracts are filtered to remove any remaining 
particulates, and then analyzed by HPLC. The HPLC columns obtain separation of the 
various individual amino acids. When the amino acids leave the HPLC column, they 
react with a special chemical (Ninhydrin) that allows the detector to see the amino acids. 
To quantitate the amount of amino acid present, a known amount of amino acid (a 
standard) is analyzed at the same time. By calculating the instrument response to the 
amount found with the sample, it is possible to quantitate the individual amino acids. 
In doing Quality Control, it is important to compare the amount of amino acid to the total 
protein because the amino acid (natural) comprises the protein. If nitrates or non-protein 
nitrogen is present, the amount of protein (if using a nitrogen analyses) will be higher 
than the calculated amount from the amino acid profile. 
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Appendix E 
 
Determination of Carbon and Nitrogen in soil samples using Gas Chromatography 
 
Cornell Nutrient Analysis Laboratory 
1.  Scope and Application 
 
1.1   This method provides the quantitative determination of the nitrogen and   carbon 
content in soil. 
 
.  
 
2.  Summary of the Method 
  
2.1 Soil samples are properly ground and sieved, the soil samples are weighed 
between 30- 40mgrespectively depending upon the composition of the soil. It is 
then combusted at 925°C and the sulfur compounds are scrubbed out. The Cu as a 
reducing agent pulls off O2 and reduces the sample to elemental N, CO2 and 
H2O. helium works as the carrier gas throughout the instrument which at this 
point takes these compounds through a water trap removing the water vapor and 
carring the N2 and CO2 into a chromatography column for separation. 
 
 
3. Apparatus and Equipment 
 
3.1 NC 2100 Analyzer. 
3.2 Tanks of compressed Air, He, Scientific O2. 
3.3        Mettler Electronic microbalance AT21 Comparator. 
3.4        Tin capsules. 
3.5         Spatula, stainless steel Tweezers. 
3.6         Computer, printer, eager 200 for Windows. 
 
 
4. Catalysts/ Reagents/ Standards 
 
4.1 Atropine (supplied by Elemental microanalysis Ltd.) is used as the calibration 
standard for daily factor computation to adjust changing ambient conditions. 
 
4.1.1 Atropine is used to develop the standard curve and as the QC run 
every 15 samples as an “unknown”. 
  
 
4.2 Blank 
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4.8.1 The blank is an empty tin cup squeezed into a ball shape with 
tweezers and is included after two bypasses but before the standard 
curve. 
 
  
4.9 An NBS Apple sample check stored in a desiccator is used as sample 
 control beginning the first set of 15 samples for analysis.  
4.10 Chromium Oxide  
4.11   Magnesium Perchlorate Anhydrous Granules. 
4.12 Quartz Wool 
4.13 Reduced Copper Wires 
4.14  Cobaltous –Cobaltic Oxide.             
 
 
5. Procedure 
5.1 The C/N is turned off standby and allowed to warm up to temperature for 1.5hrs. 
        Calibrate the instrument following manufacturer’s procedures. Daily calibration 
procedures must be performed and evaluated before sample analysis begins. 
 
5.6     Run through two Bypass samples which are to be representative of the 
samples being analyzed, a blank, and then calibrate the instrument by running 
Atropine standards from 0.5mg-4.0 mg in weight.    
5.7   Print chromatographs for each, two calibration curves and run through an 
atropine and a NBS as unknowns. If all standards and control samples are 
satisfactory, sample analysis can being. 
5.8 The first reel of previously weighed samples is set onto the auto- sampler. 
 
5.9  Summarize analyzed data and save onto 2 floppy disks and print hard copis. 
Store one hard copy in the assigned instrument folder.  
 
6. Quality Control  
 
6.1 Each set of samples contains a blank, and cheek NBS Apple, and a check 
Atropine as a quality control after every 15 samples The N and C readings 
for these samples must fall within 10% of the given C of 70.56% and 
4.84%. 
 
6.2 Observe various instrument operating steps as recommended by CE 
Elantech Operating manual by ThermoQuest Ithalia. 
 
 
 
 
7. Safety / Hazardous Waste Management  
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7.4 Refer to MSDS notebook for information about chemicals used in this 
analysis. 
 
7.5 Use heat resistant gloves while changing combustion and reaction 
columns.  
 
7.6 Keep O2 tank separated from any spark inducing lab equipment.  
 
10. Maintenance.          
 
8.2 Observe routine maintenance as recommended by instrument 
manufacturer and enter dates of all maintenance/sample log book.    
11. References  
 
 9.1  Elemental Microanalysis Limited Certificate of Analysis for Atropine. 
 9.2  CE  Elantech Instruction manual for the NC 2100Analyzer written 
 by  ThermoQuest Italia S.p.A, Strada Rivoltana,20090Rodano-milan, 
Italy July10,1996,october27,1997 (5
th
 revision). 
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Appendix F 
pH in Water 
 
Cornell Nutrient Analysis Laboratory 
 
General Discussion  
A suspension, one part water to one part soil, is prepared and allowed to stand at 
room temperature for one (1) hour. The pH of this suspension is determined either 
manually, using a standard pH meter and electrodes, or automatically, using a Labfit 
pH system. 
This method (based on EPA Method 150.1) is used for determining the pH of soil 
(S1820) and water (W4800) samples. 
Apparatus  
1. pH Meter (WP-80D dual Channel pH-mV-Temperature) manufactured by TPS 
Pty Ltd., Brisbane, Australia.  
2. Electrodes: Ross combination pH electrodes from Thermo Scientific (Orion 
815600).  
3. 3 oz. plastic cups  
4. Rack to hold forty (40) cups.  
5. Pipetting machine: Oxford automatic variable speed dispenser, Catalog No. 470, 
Oxford Laboratories Inc., Foster City, CA 94404 capable of delivering 20 ml 
(optional).  
6. Soil Scoop, 20 cm3 (cc).  
7. Stirring rod.  
 
Reagents  
1. Buffer, pH 7.00: Available from  laboratory supply houses .Calibrate a pH meter 
with a certified pH 7.00 buffer. Read the pH of the prepared solution, and adjust 
the pH to 7.00. Buffer, pH 4.00: Available from laboratory supply houses. 
Calibrate a pH meter with a certified pH 4.00 buffer. Read the pH of the prepared 
solution; it should read pH 4.00 without adjustment.  
2. Deionized water. 
Procedure  
The following is written for use by CNAL, where soil samples, two (2) master soils, a 
replicate and a blank are prepared for pH analysis utilizing the optional apparatus listed 
above. 
1. Place cups in the rack; for samples, four dummy samples, four for the control soil 
(2 ea.) and one for the replicate.  
2. Using the 20 cm3 scoop, scoop a portion of soil from each sample and a replicate. 
Also, scoop two portions of soil for each control soil . (It is necessary to 
determine the pH of the masters at the beginning of the run and at the end of the 
run).  
3. Set the pipetting machine to deliver 20 ml, and add 20 ml of distilled water to 
each cup.  
4. Stir each sample several times, until a homogeneous slurry is achieved. Rinse the 
stirring rod with distilled water after stirring each sample.  
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5. Allow to stand for one (1) hour. 
 
Procedure for Labfit system:  
Refer to the Labfit instrument manual for specific instructions as to the operation of the 
instrument.  
 
1. Turn on the computer. Double click Citect Run Time icon on the desktop. This 
will open to the ANALYSIS SCREEN. Click the “HOME THE HEAD” button, 
wash and dry probes, replace old buffers with fresh. Machine will auto-calibrate 
at the beginning of each run. Lab fit will not continue run until calibration is 
correct.  
2. On the ANALYSIS SET-UP screen select “PH1 and PH2’”.  
3. On the ANALYSIS SCREEN go to the “SAMPLE DETAILS” located on the left 
side of the screen, type the rack/tray sample totals and set/FN for this run. Return 
to ANALYSIS SCREEN and check the details for each rack by clicking on the 
“SHOW RACK” button in the lower right hand corner.  
4. Name the file for this run. Go to “OUTPUT FILE NAME” in the bottom right 
corner of the “ANALYSIS SCREEN”. Select “BROWSE”. “*RCK” appears in 
the file name box. Delete ‘*’ and enter set/FN and then click on ‘OPEN’.  
5. On the Analysis Screen select “Start” in the upper left side of screen and then 
again in the pop-up box. The Labfit will wash and calibrate probes, the head will 
then move to the first sample and the run will begin. Labfit is programmed to 
position the electrodes and stirrer to dip into soil slurry. Sample results will not be 
available until the run is complete. When finished select “View “on the “Analysis 
Screen” and print a copy of the results. Check the pH values of master samples 
and replicate. Labfit will return probes to the buffer 4 solution (see note 1).  
6. The speed for the stirring rods should be set to maximum.  
To enter pH in water values:  
1. After logging on the Network menu will appear; select Administrative programs.  
2. The CU Laboratory Management Programs menu will appear; select research.  
3. Then select lab and edit to enter data. Enter the field #.  
4. When the acquisition mode menu appears select keyboard and select pH or pC.  
Clean-up  
1. Pour off the supernatant liquid, then dispose of the cups and soil in the waste soil 
containers.  
2. Notes  
1. Electrode maintenance and Cleaning:  
a. Maintenance: If electrode response is slow or drifting, drain and refill with 
fresh “Ross” Filling Solution, Orion 810007”. Inspect electrode for any 
scratches build-up etc, rinse off with DI water, drain and refill reference 
chamber with fresh “Ross Filling Solution”, Orion 810007. 
b. Cleaning: Soak in 0.1 M HCl or HNO3 for ½ hour followed by soaking in 
storage solution for at least 1hr. 
References 
1. EPA Method 150.1 (4-79-020). Downloaded from : 
http//www.umass.edu/tei/mwwp/acrobat/epa150_1pH.pd 
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2. Hendershot, W.H., H. Lalande, and M. Duquette. 1993. Soil reaction and 
exchangeable acidity. In: M.R. Carter Soil Sampling and Methods of Analysis. 
Lewis Publishers, pp 141-145. 
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Appendix G 
Soil Organic Matter by Loss of Ignition 
Cornell Nutrient Analysis Laboratory 
1. General Discussion 
 
Soil samples are prepared according to procedure S1930.  A 1 cm
3
 tared scoop is used to 
place a known weight of soil into a tared crucible. The sample is then ashed for two hours 
at 500
o
C.  The percent weight loss of the soil ignition is calculated.  Soil samples are 
expressed as percent organic matter by use of a calibration equation developed from a 
comparison of  the loss on ignition results to the results obtained by a modified Wakley-
Black procedure   (S-1810).  
 
 
2.Apparatus 
 
1. Oven - capable of maintaining a temperature of 105
o
C. 
 
2. Muffle furnace or oven - capable of maintaining a temperature of 500
o
C. 
 
3. Crucibles, 10-ml, porcelain. 
 
4. Balance - minimum capacity of 50gm, +/-0.001gm. 
 
5. Scoop - 1 cm
3
 capacity. 
 
 
3. Procedure 
 
 If the sample was not dried within the last 24 hours, it should be re-dried in an oven 
set at 105
o
C for at least one hour. 
 
       NOTE: Record all weights to +/-0.001gm. 
 
1. Place a crucible on a tared balance, and record the weight. 
 
2. Using the 1 cm
3
 scoop, place a sample of the soil into the crucible. Record the 
weight of the crucible and soil sample. 
 
 
3. Place the crucible containing sample into a muffle furnace, which has equilibrated 
to 500
o
C, for two hours. 
 
4. Remove the crucible containing sample,cover aluminum foil and allow to cool for 1 
hour. 
 
5. Tare the balance. Record the combined weight of the crucible and ashed sample. 
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1. Research samples are reported as percent weight loss on ignition and the formula 
for calculating percent organic matter is provided. 
 
 
4. Calculations  
 
1. Loss on ignition. 
             
                        (Wcs - Wc) - (Wca - Wc) 
         LOI (%)  =  ------------------------    X 100  
                               Wcs - Wc              
 
where: 
 
     LOI = Percent weight loss on ignition. 
    
Wc = Weight of crucible. 
 
Wcs = Weight of crucible plus soil before ashing. 
 
Wca = Weight of crucible plus ashed soil. 
 
 
2. Organic matter        
 
       OM  =  (0.7 x LOI) - 0.23      
         
where: 
 
OM = Percent organic matter. 
 
LOI = Percent  weight loss on ignition. 
 
 
References 
 
1. Storer, Donald A.(1984). A Simple High Sample Volume Ashing Procedure For 
Determination Of Soil Organic Matter. Commun. In Soil Sci. Plant Anal., 15(7), 
759-772 
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Appendix H 
Extraction of Soil Using Modified Morgan for “Available” Nutrients 
 
Cornell Nutrient Analysis Laboratory 
 
General Discussion  
The available nutrients in the soil are extracted with Modified Morgan solution, a 
ammonium acetate solution ,acetate/acetic acid solution, well buffered at pH 4.8. 
After vigorous shaking, the extraction slurry is filtered through a fine-porosity filter 
paper. The clear filtrate is used for the nutrient analyses.  
 
Safety Precautions  
1. Safety glasses or goggles are mandatory when working in the laboratory. 
CONTACT LENSES ARE PROHIBITED!!  
2. Dust is created when scooping many samples. Therefore, a disposable dust mask 
is recommended, but not mandatory.  
 
Apparatus  
1. Spatula or palette knife.  
2. Scoop,4cm3 (for scooping soil).  
3. Top-Loading Balance.  
4. Brewer automatic pipetting machine (made by The Baltimore biological 
Laboratory), capable of delivering 50 ml.  
5. Test Tubes, 25mm x 150mm, lipless.  
6. Test Tube Rack, for 50 25mm tubes.  
7. A Eberbach No.A fixed speed reciprocating shaker with timer.  
8. Filter Paper-whatman(2v)-150 mm2  
9. Filter funnels, 10cm top dia. x 15cm.  
10. Filter rack with 10 positions, to hold test tubes and filter funnels.  
11. Flasks, Erlenmeyer, 125 ml.  
12. Wooden rack, to hold ten (10) flasks (optional)  
 
Reagents  
1. Modified Morgan's Solution (0.62N NH4OH+1.25N CH3COOH): Add 2874 mL 
glacial acetic acid to a 40Lcarboy containing approximately 20l of DI water . Add 
1825 mL concentrated NH4OH.Dilute to40L with DI water and mix well. The Ph 
of the solution should be 4.8 +/-0.05. If necessary ,adjust to4.8 with concentrated 
NH4OH or acetic acid. 
 
Procedure  
The following is written for use by the Cornell Nutrient Analysis Laboratories, where 
one (1) master soil, one (1) blank of Modified Morgan's Solution and a replicate soil 
sample are extracted simultaneously, utilizing the optional apparatus listed above.  
1. Assemble five (5) flask racks, containing ten (10) flasks each, for the extraction 
of one complete set, including two (2) master soils, a solution blank, and one 
replicate taken at random from the set.  
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2. Assemble five (5) filter racks, containing ten (10) funnels each, placed over five 
(5) test tube holders containing ten (10) test tubes each. Place the filter stems into 
the test tubes, and place a filter paper into each funnel.  
3. Calibrate the automatic pipette once daily every morning by measuring the 
discharged solution.  
4. Calibrate the weighing balance once a week using NIST standard weights.  
 
I. Sample scooping and weighing:  
A. Top loading balance interfaced with a pc (data entered electronically)  
1. After logging on the Network menu will appear; select Administrative programs.  
2. The CU Laboratory Management Programs menu will appear; select research.  
3. Then select lab and edit to enter data. Enter the field #.  
4. When the acquisition mode menu appears select balance and select extraction wt.  
5. Place the 4cm3 scoop on the balance pan, and tare the balance by pressing the 
appropriate key (TARE or ZERO).  
6. Remove the scoop from the balance, scoop enough sample so that the scoop is 
overflowing, tap the handle of the scoop with the spatula three times, then scrape 
the excess soil off the top with the spatula held flat.  
7. Place the loaded scoop back on the balance, and record the weight using one of 
the weight taking options.  
8. Pour the soil sample into the flask, place the scoop back onto the balance, and tare 
the balance.  
B. Top loading balance not interfaced with a pc (data entered manually)  
1. Place the 4 cm3 scoop on the balance pan, and tare the balance.  
2. Remove the scoop from the balance, scoop enough sample so that the scoop is 
overflowing, tap the handle of the scoop with the spatula three times, then scrape 
the excess soil off the top with the spatula held flat.  
3. Place the loaded scoop back on the balance, and record the weight.  
4. Pour the soil sample into the flask, place the scoop back onto the balance, and tare 
the balance.  
5. Repeat steps (A 5-8) or (B 1-4) until all forty nine (49) samples, including the two 
master samples, and a replicate sample have been weighed and placed in the 
flasks.  
 
II. Sample extraction:  
1. Using an automatic pipetting machine, add 50 ml of Modified Morgan's Solution 
to each flask, including the "blank" flask.  
2. Place all the racks in the box on the shaker, secure firmly by closing the lid of the 
box, and shake for fifteen (15) minutes.  
3. Remove the racks from the shaker. Wipe the inner plastic sheet of the box lid with 
a clean, damp sponge. Pour the contents into the funnel filters, and allow to filter 
until all the liquid is in the test tubes.  
4. Remove the funnel racks, discard the filter papers, and place the test tubes 
containing the extract in the 50-place test tube rack. Be sure to label the rack with 
the set number and date of extraction.  
5. The extracts are now ready for analysis.  
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Clean-up  
1. Rinse the flasks and funnels thoroughly with hot water, then rinse several times 
with deionized water. Invert, and allow to dry.  
2. After all analyses have been completed, rinse the test tubes thoroughly with 
deionized water, and oven dry.  
 
Notes 
1. Whatman 2V-150mm Pre-folded filter paper is recommended for these analysis. 
Acceptable substitutes may be used. However, any paper should be tested for the 
presence of K, Mg, Ca, P, Cu, Fe, Mn, Zn, and Al by performing blank analysis 
on at least three (5) specimens of the lot number. To minimize this testing, 
purchase the paper in large, single lot quantities.  
 
References 
1.Recommended SOIL Testing Procedures for the Northeastern United States,2
nd
 Edition, 
Northeast regional publication,1995.Agricaltural Experiment Station University of 
Delaware,Newark,DE19717-1303,Bulletin # 493. 
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Appendix I 
CO2- Burt Method (Haney- Briton Protocol) 
1. Soil Sample: Pre-dried soil is used for this test. This may be dried, stored samples or 
fresh samples that will be oven dried. Always sample soil according to proper protocols. 
2. Drying- Prep: If sample is moist, place a suitably large (100 g) amount in lab 
convection oven in 40-50 °C for at least 24 hours or until completely dry. It is 
recommended that the soils be ground and sieved through a 2 mm screen. (used air-dried 
soil) 
3. Prepare Sample in Beaker: Insert a fiber filter disc (to retain soil in beaker) into the 
bottom of the small plastic beaker. The beaker contains perforations in the bottom to 
allow moisture to wick up into the soil. Weigh 40 g of pre-dried soil into the plastic 
beaker, which is then placed inside the glass jar. 
4. Starting-Wet Sample: Add a 20cc aliquot of DI water into the glass jar, but not into 
the plastic beaker containing the soil. This amount of water will be sufficient to bring 
most soil samples to field capacity by capillary action. This normally requires only a few 
minutes unless soils are hydrophobic. As soon as water has been added to the jar, tear 
open the Low-CO2 foil pouch and carefully remove the CO2 probe from the pouch 
without touching the gel surface. 
5. Inset Probe: Place the probe into the glass jar at an angle alongside the plastic beaker 
(it can also be pushed into the soil). By placing the gel probe facing out you will be able 
to observe the progress of CO2 absorption during the test. Screw the lid on tightly and 
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record the start time. Keep the jar under stable temperature or incubator conditions of 22-
25 °C. 
6. Read the Color Result: At 24 hours open the jar and remove the probe. Read the 
color of the probe by inserting the probe by inserting the probe face-up into the DCR, 
selecting the CO2- burst protocol. The DCR reports the color number on the first line and 
the mg/kg (ppm) CO2-C on the second line. Labs in the NAPT or ALP program should 
use the DCR version 700 or higher. 
 (Solvita, 2011) 
Figure 3. Solvita Digital Color Reader 
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h
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h
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 c
o
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o
y
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h
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h
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o
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e
O
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o
y
b
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W
h
e
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W
h
e
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o
y
b
e
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h
e
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O
a
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h
e
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h
e
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C
o
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e
O
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lv
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S
o
y
b
e
a
n
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W
h
e
a
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W
h
e
a
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e
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h
C
o
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e
O
a
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lv
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S
o
y
b
e
a
n
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W
h
e
a
t
W
h
e
a
t/
 v
e
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N
o
te
: 
In
 2
0
0
8
, 
L
E
G
 o
a
ts
 i
n
 t
h
e
 n
o
-t
ill
 r
e
p
s
 w
e
re
 p
la
n
te
d
 w
it
h
 a
n
 u
n
d
e
r-
s
to
ry
 o
f 
th
e
 N
o
rd
e
ll 
c
lo
ve
r 
m
ix
, 
in
 2
0
0
9
 o
a
ts
 i
n
 a
ll 
re
p
s
 g
o
t 
th
e
 c
lo
ve
r 
m
ix
.
C
o
n
v
e
n
ti
o
n
a
l 
S
y
s
te
m
 -
 b
o
th
 t
il
le
d
 a
n
d
 n
o
-t
il
l 
re
p
s
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3
-y
e
a
r 
ro
ta
ti
o
n
 (
C
o
rn
 -
 C
o
rn
 -
 S
o
y
b
e
a
n
) 
o
r 
(C
o
rn
/r
y
e
 -
 C
o
rn
/r
y
e
 -
S
o
y
b
e
a
n
/r
y
e
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 C
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o
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o
y
b
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 C
o
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o
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b
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o
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o
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o
y
b
e
a
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o
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y
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o
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 C
o
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y
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 C
o
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y
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S
o
y
b
e
a
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y
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 C
o
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y
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 C
o
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y
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S
o
y
b
e
a
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y
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 C
o
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y
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 C
o
rn
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y
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N
o
te
s:
C
o
rn
 w
ill
 b
e
 p
re
s
e
n
t 
in
 a
t 
le
a
s
t 
o
n
e
 o
f 
th
e
 s
tr
ip
s
 f
o
r 
e
a
c
h
 t
re
a
tm
e
n
t 
in
 2
0
1
3
, 
2
0
1
6
, 
2
0
2
0
, 
2
0
2
1
, 
a
n
d
 2
0
2
2
.
H
a
y
 i
n
 t
h
e
 M
a
n
u
re
 S
y
s
te
m
 i
s
 a
 c
o
m
b
in
a
ti
o
n
 o
f 
a
lfa
lfa
 a
n
d
 o
rc
h
a
rd
 g
ra
s
s
, 
e
x
c
e
p
t 
in
 y
e
a
r 
2
0
1
4
 w
h
e
n
 o
a
ts
 w
a
s
 a
d
d
e
d
 a
s
 a
 n
u
rs
e
 c
ro
p
.
2
2
's
 a
s
 d
ir
e
c
t 
s
e
e
d
in
g
 o
f 
c
o
ve
r 
a
n
d
 w
h
e
a
t
L
e
g
u
m
e
 S
y
s
te
m
 -
 b
o
th
 t
il
le
d
 a
n
d
 n
o
-t
il
l 
re
p
s
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4
-y
e
a
r 
ro
ta
ti
o
n
 (
C
o
rn
/r
y
e
 -
 O
a
ts
-c
lv
/r
y
e
 -
 S
o
y
b
e
a
n
/w
h
e
a
t 
- 
W
h
e
a
t/
v
e
tc
h
) 
o
r 
(C
o
rn
/r
y
e
 -
 O
a
ts
-c
lv
/b
a
rl
e
y
 -
 S
o
y
b
e
a
n
/w
h
e
a
t 
- 
W
h
e
a
t/
c
o
v
e
r 
c
ro
p
 m
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In
 s
p
ri
n
g
 2
0
1
4
, 
a
ll 
p
lo
ts
 w
e
re
 p
la
n
te
d
 t
o
 o
a
ts
 f
o
r 
g
ra
in
 e
va
lu
a
ti
o
n
 a
n
d
 t
o
 r
e
s
e
t 
th
e
 p
lo
ts
 f
o
r 
a
 m
o
d
ifi
c
a
ti
o
n
. 
In
it
it
a
lly
, 
it
 w
a
s
 t
h
o
u
g
h
t 
th
a
t 
th
e
 p
lo
ts
 w
o
u
ld
 b
e
 m
o
d
ifi
e
d
 t
o
 r
e
m
o
ve
 p
o
in
ts
 o
f 
e
n
tr
y
, 
h
o
w
e
ve
r,
 c
ro
p
 s
e
q
u
e
n
c
e
 d
o
e
s
 a
p
p
e
a
r 
to
 h
a
ve
 a
n
 i
m
p
a
c
t.
 R
a
th
e
r 
th
a
n
 
re
m
o
ve
 t
h
e
 p
o
in
ts
 o
f 
e
n
tr
y
, 
th
e
 p
lo
ts
 w
e
re
 r
e
va
m
p
e
d
 t
o
 s
p
lit
 o
n
e
 o
f 
th
e
 p
o
in
ts
 o
f 
e
n
tr
y
 o
ff 
in
to
 a
 s
h
ift
 i
n
 m
a
n
a
g
e
m
e
n
t 
to
 i
n
c
re
a
s
e
 p
la
n
t 
in
te
n
s
it
y
 t
h
ro
u
g
h
 a
 l
o
n
g
e
r 
h
a
y
 p
e
ri
o
d
 o
r 
u
s
in
g
 c
o
ve
r 
c
ro
p
 m
ix
e
s
. 
T
h
e
 c
o
n
ve
n
ti
o
n
a
l 
s
y
s
te
m
 w
a
s
 r
e
va
m
p
e
d
 t
o
 m
a
k
e
 t
h
e
 t
ill
e
d
 a
n
d
 
n
o
-t
ill
e
d
 t
re
a
tm
e
n
ts
 s
im
ila
r 
a
n
d
 t
o
 i
n
c
lu
d
e
 c
ro
p
s
 a
n
d
 s
y
s
te
m
s
 t
h
a
t 
w
o
u
ld
 m
a
tc
h
 c
u
rr
e
n
t 
a
n
d
 f
u
tu
re
 u
s
e
s
 b
e
tt
e
r.
 I
n
 t
h
e
 c
o
n
ve
n
ti
o
n
a
l 
s
y
s
te
m
, 
th
e
 r
o
ta
ti
o
n
 w
a
s
 p
u
t 
b
a
c
k
 t
o
 o
n
ly
 c
o
rn
 a
n
d
 s
o
y
b
e
a
n
 w
it
h
 a
 c
o
rn
-c
o
rn
-s
o
y
b
e
a
n
 r
o
ta
ti
o
n
, 
a
n
d
 t
h
e
 p
la
n
t 
in
te
n
s
it
y
 t
re
a
tm
e
n
t 
in
c
lu
d
e
s
 a
 r
y
e
 c
o
ve
r 
c
ro
p
.
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